







A METEOB FOR COMPARING ALTERiaAfE
PA¥EMSRT 3ESISB3
To: 6. A. Leonards,, Director
Joint Highway Research Project
From; 3. L. Michaal,, Associate Director
Joint Highway Research Project
Sfovaesber 20 „ 1967
File Hos 3-3-29
Project Bos C-3S-
Attacked is a Final Report oa the research project "Evaluation of
Sconotaic and Perferssanee Considerations for Sig&sjay Pavements la
Indiana" which was approved oa May 10, 1966. The title of this report
is "A Method for Cocrpariag Alternate Pe^essst Designs." If; has been
authored by Mr Edgar P. ^Ibricht of our staff uades- the direction of
Professor J. C. Oppaalesder
„
A rasthod for objective ecsparissa of alternate paveesat designs
with consideration of terrains! serviceability* average serviceability
and cost of the pavacsest is presented „
Board for review and combat aadThe report is presented to the
for the record.
Respectfully eutnittad.
HLM.nf Harold L. Michael
Associate Director
Attachment
Sop^i F. L. Ashbaueher R. li« Barrel! C. F* Scholar
V, %. Doleh J. A. Savers Mo B. Scott
W. Ho Goats V. E. Harvey W. T. Spencer
V. L. Grecco J. F. tfs&augjhliR H. R. J. Walsh
Go «, Halloas R. B. KsrJe&hall K. Be Hoods










earadsate Assisfcaus Is E®search








The author wishes to express his sincerest appreciation
to:
Dr. J. C. Cppenlander, the author's major professor,
for the original idea for this thesis, for his advice and
encouragement throughout the preparation of this thesis, and
for reviewing and editing the manuscript;
Frofecsor 2. J. Ycder for his technical assistance and
for his suggestion of a soil rating panel;
Professors K. B. Woods, E. J. Yoder, R. D. Mi'les, D. G.
Shurlg, C W. Lovell, Jr., and J. E. Hittle for serving on
t he soil r& t ing pa ne 1
;
Mr. M. W. Witczak, Mr. G. A. Shunk, Mr. W. C. Vodrazka,
and Mr. G. Jouris for answering his Innumerable questions;
and to the Joint Highway Research Project at Purdue
University for its sponsorship of this investigation.
Liberal use has been made of the data from the theses
of P. M. Holloway, V. F. Nakamura, and R. T. Milhous, of the
equations from the AASKO Road Test, and of the unpublished
data of the Indiana State Highway Commission at Indianapolis.





LIST Or 1 TABLES v
LIST OF FIGURES vii
ABSTRACT vlii
INTRODUCTION 1
REVIEW Oi LITERATURE 7
Pavement Serviceabili ty-Ferformance Concept ....
Definitions 8
Funds me n ts 1 Assumptions 9
Measurement of Serviceability 10
Rating Panel Precision 13
Other Measures of Serviceability 15





Effective Thickness of a Pavement 26
Equivalence Factors 51
PROCEDURE 35
Modification of Serviceability Equations 36
Actual Present Se rviceabili t'y ........ 36
Predicted Present Serviceability 41
Indiana Serviceability Equations 50
Derivation of Performance Equations 53
Development of Technique 54
LTS 56
Axle. Applications 57
Weighted Equivalence Factors 60
Equivalence Coefficients 67
Indiana Serviceability Equations . 73
Rigid Favements 73
Flexible and Overlay Pavements 77
Predicted Performance 96
Digitized by the Internet Archive
in 2011 with funding from




A METHOD FOR COMPARISON OF ALTERNATE PAVEMENT DESIGNS . 98
Deta Needed 99





SUMMARY OF RESULTS AND CONCLUSIONS 125
RECOMMENDATIONS FOR FURTHER RESEARCH 159
LIST OF REFERENCES 131
APPENDIX A, GRAPES FOR £lS AND ^18 FOR RIGID AND
FLEXIBLE PAVEMENTS 133
APPENDIX B, INSTRUCTIONS TO THii SOIL RATING PANEL ... 138
APPENDIX C, DERIVATION OF THE PERFORMANCE EQUATION ... 140
APPENDIX D, THE RELATIONSHIP BETWEEN EFFECTIVE THICK]
Al D PERFORMANCE 142
AFP3NDIX ^, WORK SHEET 144
LIST OF TABLES
Table Page
1. Number of Raters Required to Estimate the
Present Serviceability of a Pavement 14
2. Summary of Study Sections Located in Indiana ... 37
3. Distribution of Faverrent Study Sections by
ISHC Maintenance Districts 40
4. Equivalence Factors for 6-Klp Single Axle Loads
on Rigid Pavements bl
5. Equivalence Factors for 14-Kip Single Axle Loads
on Rigid Pavements 61
6. Equations for Equivalence Factor as a Function of
Axle Load and Axle Type Only 62
7. Weighted Equivalence Factors, WEF, for the 22
Loadometer Stations - 1963, 1964, and l?Cl 68
&. Estimate of Weighted Equivalence Factor, vVEF, by
Traffic Composition 70
9. Equivalence Coefficient, F, lor thf Three Classes
of Truck Route a 72
10. Comparison of the AASHO and Indiana Rigid
Serviceability Equations . . 75
11. Comparison of the AASHO and Indiana Flexible
and Overlay Serviceability Equations 79
12. Rho, g , and Eeta,/3 , as Functions of Effective
Thickness for Flexible Pavements 81
13. The Characteristics of the hon-Failing Sections
of Loop 4 at the AASHO Road Test 87
14. Estimated Performance of Flexible Favaments Built
on the Major Soil Units in Indiana 92
vi
Table Page
15. The Mean, Median, Mode, Ran^e, and Size of the
Soil Ratings and the Soil Support Factor Assigned
for the Major Soil Units of Indiana 93
16. Suggested Terminal Serviceability Levels 102
17. Strength Coefficients, A:', for the Component
Layers, i, of Flexible and Overlay iravements . . . 105
16. Soil Support rectors for the Major Soil
Units of' Indiana 108
19. Performance and Total Number of Axle Applications
for Rigid Highway Pavements in Indiana Ill
20. Performance and Total Number of Axle Applications
for Flexible Highway Pavements in Indiana 113
?1. Performance and Total Number of Axle Applications







General Shape of Equivalence Factor Versus
Axle Load
General Format of AASHO Nomographs for




Present Serviceability Versus lumber of
18-Kip Single Axle Applications for Loop 4
at the AASHO Road Test
Nomograph for Determining the Number of 18-Klp
Single Axle Applications Per Day, w/day 100
Nomograph for Determining the Effective Thickness
of Flexible and Overlay Pavements 104
Map for Determining Major Soil Units
Soil Support Modification to Effective Thickness
for Flexible and Overlay pavements
107
109
Expected Life of a Pavement for a Traffic
Growth Rate of 4 Percent Per Year 118
Expected Life of a Pavement for a Traffic
Growth Rate of 6 Percent Per Year 119
Expected Life of a lavement for a Traffic
Growth Rate of 8 Percent Per Year 120
11. Rhol8 as a Function of Effective Thickness
for F:it<:id Pavements 134
12. Betal8 as a Function of Effective Thickness
for Rigid Pavements 135
13. RholS as a Function of Effective Thickness
for Flexible and Overlay Pavements 136
14. Betal8 as a Function of Effective Thickness
for Flexible and Overlay Pavements .... 137
15. Work Sheet for Comparing Pavement Designs 145
vlll
ABSTRACT
Ulbricht, Edgar Pierron. M.S.C.E., Purdue University,
August 1967. A Method for Comparing Alternate Pavement
Designs. Major Professor: Dr. J. C. Oppsnlander.
The purpose of this research was to develop a method
for comparing a set of preselected pavement designs for a
proposed section of state highway in Indiana. This comparison
is based on consideration of both economic and performance
requirements. The major portion of this study was devoted
to obtaining a measure of the total performance of highway
pavements with known design characteristics and traffic
loadings
.
The AA3H0 Performance Equations determined in 1961 at
Ottawa, Illinois were used to predict the present service-
ability trends with time of 160 study pavement sections. A
serviceability trend is a measure of the performance of a
pavement. The AASHO equations were found to estimate the
present serviceability of Indiana highways within acceptable
limits of precision.
However, additional precision was obtained by modifying
these equations to reflect the lower initial serviceability
levels of Indiana rigid, flexible, and overlay -pavements
compared to the AASPiO Road Test pavements. The modification
was accomplished by regression analyses between the predicted
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and measured present serviceabilities of the study sections.
The regression equations have been termed the Indiana rigid,
flexible, and overlay serviceability equations.
From the Indiana equations, tables were compiled listing
the anticipated performance of various pavement designs under
a wide range of traffic loadings. The tables Included in
this report permit determining the performance-to-cost ratio
of each of the pavement designs to be compared. This ratio
can be used to select the proper pavement design for given
traffic and environmental conditions.
When loadometer data are not available, the use of the
AASHO and Indiana serviceability equations is facilitated by
the technique developed in this study for approximating the
number of equivalent 18-kip single axle load applications
a pavement section has received. This estimate is made on
the basis of the number of trucks traveling over the highway.
INTRODUCTION
The function of a highway pavement is to provide a
roadway that adequately serves the demands of the road user
with an acceptable level of performance. The purpose of
pavement design Is to select a structural system for the
supporting way which usually includes a compacted subgrade,
subbase, base, and surface. This supporting way mu3t fulfill
the needs of the anticipated traffic in an acceptable manner
over the service life of the particular pavement. A properly
designed, constructed, and maintained pavement is a major
factor in providing economical, efficient, safe, convenient,
and comfortable highway travel.
Most newly constructed pavements satisfy the expecta-
tions of the highway users- Because a pavement is subjected
to traffic and the elements, the surface shows increasing
deterioration and deformation even if the pavement is de-
signed, built, and maintained to high standards. As cracks,
bumps, and ruts develop, the riding qualities of the pavement
become less acceptable to the road usara.
Although the methods of pavement design in use today
do consider traffic loads and climatic conditions, no attempt
ha3 been made to evaluate the accumulative effect of traffic
In ascertaining the proper pavement thickness. Recent re-
search has shown the importance of considering the number of
axle applications a pavement ha 3 received and the resulting
effect on the ability of the pavement to serve the traffic.
Liost design procedures implicitly assume that the pave-
ment lasts indefinitely in its original condition if certain
requirements are fulfilled. In the case of theoretical and
serai-theoretical methods, such as the Kansas Triaxlal Method
and the Portland Cement Association Design Procedure, the
stresses and/or strains are not permitted to exceed certain
predetermined maximum levels. For empirical procedures,
such as the California Bearing Ratio Method and the Group
Index Procedure, a certain minimum thickness for each com-
ponent layer is the requirement for pavement longevity. The
required thickness for each layer depends upon the results
of certain arbitrary tests.
A few methods do permit consideration of the effects of
traffic volumes (and indirectly, different axle load distri-
butions) on the design life of the pavement, but this allow-
ance is included only by adding an empirical modification to
the basic design procedure. These modifications Implicitly
acknowledge the final structural failure of the pavement due
to the combined effects of traffic and climate., but no de-
sign procedure takes into account the gradual deterioration
of the pavement prior to failure.
In an effort to advance the field of pavement design,
th9 significant relationships between the changing surface
condition of pavements of different structural designs and
the weight and number of vehicle axle applications which
each pavement receives were determined during the AASHO Road
Teat. This test was sponsored by the American Association
of State Highway Officials, the Highway Research Board, and
other organizations.
The relationships determined at the Road Test form the
basis of the AASHO Interim Design Guides, which utilize the
most up-to-date design concepts. (1,2)"* These design guides
are already being used by the Indiana State Highway Commis-
sion in conjunction with other design procedures. (6) How-
ever, even the AaSHO procedures consider just the condition
of the pavement surface when it requires replacement, and
not the changing condition of the pavement throughout its
expected life
.
In contrast to other design procedures including the
AASHO guides, this study incorporates a measure of the per-
formance of a pavement throughout its anticipated life into
a procedure for selecting the most economical pavement design
for a given highway section. The tools used to determine the
performance capabilities of proposed designs are the service-
ability relationships developed from the AASHO Road Test data.
These relationships, commonly referred to as the AASHO Per-
formance Equations, are semi-theoretical equations used to
* Numbers in parentheses refer to articles in the List
of References.
predict the ability of the pavement to furnish a safe transit
to vehicles and cargoes, and a comfortable ride for passen-
gers .
One of the purposes of this study was to develop a method
of comparing alternate pavement designs for any given highway
location in Indiana. This comparison is based upon consider-
ation of both economic and perf ormance requirements for rigid,
flexible, and overlay pavement designs* An overlay pavement
is a portland cement concrete pavement which is resurfaced
with a bituminous mixture after trafiic ha3 deteriorated the
original surfs ce.
rlhe derivation of this method required validation and
modii'ica tion of the HAohC performance equations to ascertain
and reflect the differences between the soil conditions and
construction practices in the State of Indiana and at the AASHO
Road lest facilities near Ottawa, Illinois. Data for these
modifications were obtained from a sample of 160 sections of
pavement located throughout the State of Indiana. The sample
was composed of 80 rigid, Do flexible, and ?,4 overlay pavement
sections. Slightly less than one-half of these sections were
located in the Crawf ordsville District of the Indiana State
Hi hway Commission. The other sections were scattered through-
out the remainder of the state highway system.
The use of the AASHO performance equations was further
facilitated by certain simplifications. The most important
of these aids is the weighted equivalence factor, WSP. The
weighted equivalence 1'actor is a single parameter which
completely characterizes the axle-load distribution of a
traffis stream. The axle-load distributions used to calcu-
late the WEP were obtained from 22 loadometer stations over
a three-year period. An empirical relationship was deter-
mined by which the weighted equivalence factor is readily
estimated from the number of trucks in the traffic stream.
The AASEO equations as modified in this study for
Indiana highways have been termed the Indiana serviceability
equations. Prom these equations an additional equation was
derived to provide a single value representative of the per-
formance of a pavement throughout its life. This equation
is called the Indiana performance equation.
The Indiana performance equation was used to estimate
the expected performances for various ri:id, flexible, and
overlay pavement designs. The effects on performance of
various conditions of traffic volume, axle-load distribution,
and design life were included in ^e tables and figures de-
veloped in this investigation. A suggested method for select-
ing the most economical pavement design for the level of
performance required is presented. The need for further work
in this regard is indicated.
A design procedure which includes a measure of the
expected performance of the pavement under traffic permits:
1. Achieving the proper balance betv.'een performance
and cost,
2. Determining the critical levels at which the pave-
ment should be improved or replacea, and
3. 3stimating the performance displayed by the pave-
ment throughout its service life.
When pavement design is based upon the performance of the
pavement, the general public profits because the optimal
expenditure of the highway dollar is achieved. Further,
such a design procedure benefits every highway user by pro-
viding smoother, more serviceable roads. This travel situ-
ation results in less fatigue for the driver, a more enjoy-
able trip for the passengers, reduced damage to cargoes, and
lower vehicle operating costs. In general, a design pro-
cedure based upon the performance of the pavement allows the
construction, maintenance, and operation of a balanced and
optimal highway transportation system.
REVIEW OF LITERATURE
In recent years considerable attention has been devoted
to the evaluation of the performance of different highway
pavements for various loading and environmental conditions.
The total demands to which a pavement section is subjected
during its service life have been quantified in relation to
the performance that is desired by the road users. These
demand-performance relationships were developed from the study
of traffic characteristics and pavement deterioration. From
these empirical relationships it is possible to estimate the
future pavement performance of a highway.
Several years ago it was not even possible to quantify
the performance of a highway pavement in service, much l^ss
to predict the performance cf a pavement prior to its con-
struction. In this section, the current concept of pavement
performance is reviewed. In addition, the units, methods,
and precision to which performance is measured are discussed,
as well as the equations which are used for predicting the
performance of a highway pavement.
8Pavement Serviceabl 11 ty- Performance Concept
In the past, the performance of a highway pavement was
given only In terms of a general qualitative word descrip-
tion of the ability of the pavement to serve the traveling
public. Altnough the description was vague and arbitrary,
it attempted to answer the question of whether the pavement
behaved in an acceptable manner before it had to be replaced.
How the pavement serviceability-performance concept,
which was developed by W. N. Carey, Jr. and P. E. Irick for
use in the AASHC Road Test, permits a quantitative eval-
uation of the performance of a pavement. In this concept,
performance is measured in terms of present serviceability,
which was conceived by Carey and Irick as an estimate of the
instantaneous performance of a pavement.
Definitions
W. N. Carey, Jr. and P..E. Irick, in the development
of their concept of pavement performance, have defined
present serviceability as "the ability of a specific section
of pavement to serve high-speed, high-volume, mixed (truck
and automobile) traffic in its existing condition." (7) In
actuality, present serviceability is the average opinion of
all highway users as to the quality of the ride experienced
by the traffic passing over the particular pavement section.
The present serviceability of a highway always pertains to
the condition of the pavement at some specified instant in
time
.
Performance Is defined In terms of serviceability, as
a summary of the serviceability levels of the pavement over
a period of time. (7) This concept of performance differs
from the older meaning of the word by separating overall
performance from terminal acceptability. Rather than, "was
this pavement good enough prior to being replaced," this
new concept of performance answers the question, "how good
was it during its entire service life?" The former question
of acceptability can now be answered in the context of pur-
pose and economics.
Fundamental Assumptions
The performance-serviceability system derived by Carey
and Irick from their concept of pavement performance is
based on thi following assumptions.
1. ...highways are for the comfort and con-
venience of the traveling public... the only
valid reason for any road or highway is to
serve the highway users... a good highway is
one that, is safe and smooth.
2. The opinion of a highway user as to how
he is being served by a highway is by-and-
largs subjective. There is no instrument that
can be plugged into a highway to tell in objec-
tive units how well it is serving the users...
3. There are, however, characteristics of
highways that can be measured objectively
which, when properly weighted and combined,
are In fact related to the user's subjective
evaluation of the ability of the highway to
serve him.
4. The serviceability of a given highway may
be expressed by the mean evaluation given by
all highway users...
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5. Performance is assumed to be an over-all
appraisal of the serviceability history of a
pavement. Thus it is assumed that the perfor-
mance of a pavement can be described if one
can observe its serviceability from the time
it is built up to the time its performance
evaluation is desired. (7)
The third and fourth assumptions anticipate the two basic
measures of serviceability to be considered in the following
section of this literature review.
Measurement of Serviceability
Because present serviceability is the average of the
opinions of ell highway users, a good estimate of the ser-
viceability of a pavement section is obtained by sampling
the opinions by means of a panel of highway users. Each
member of the nan^l, after riding over the section either as
a driver or passenger, independently rates the pavement ac-
cording to an arbitrary scale. When rating a section, panel-
ists ljave found it helpful to ask themselves this question:
"How well would this road serve me if I were to drive my own
car over roads just like it all day long today?" (7)
The numerical scale which has been used in studies by
W. N. Carey, Jr. and P. 3. Irlck, V. P. lakamura, and 2. J.
Yoder and P.. T. Milhous for rating highway pavements ranges
from 0.0 to 5.0. The scale has been divided into five major
divisions, and each division has been assigned a qualitative
description as follows: 0.0 to 1.0 - "Very Poor"; 1.0 to 2.0
- "Poor"; 2.0 to 3.0 - "Fair"; 3.0 to 4.0 - "Good"; and 4.0
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to 5.0 - "Very Good". (7, 15, 19)
In determining the present serviceability only the con-
dition of the pavement was considered in these three studies.
Extraneous factors such as condition of the ditches, right-
of-way width, and highway alignment were not included in a
panelist's consideration when he rated a given pavpn^nt sec-
tion. Each section was assigned a present serviceability
rating, PSR, equ^i to the arithmetic mean of the ratings
given by the members of the panel.
The members of the panel should all be road users, and
they should be chosen so as to represent groups of users
with divergent views and attitudes. If the panel is suffi-
ciently large and representative of all road users, the pre-
sent serviceability rating of any section of highway pavement
is considered to be an objective and unbiased measure of the
present serviceability or that section. (7)
Carey and Irlck found in their study of 64 rigid pave-
ments and 74 flexible pavements in four state3 In the Middle
'west that certain measurements of pavement surface condition
correlated well with the present serviceability rating, PSR.
(7) Two statistical equations, one for rigid and one for
flexible pavements, were determined in the Carey and Irick
study for estimating PSR by these surface condition measure-
ments. This method of obtaining the present serviceability
of a pavement has been termed the present serviceability in-
dex, P3I. The PSI scale, because it was obtained from a re-
gression analysis with present serviceability rating, PSR,
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also ranges from 0.0 to 5.0.
Ihese PSI equations used for estimating the present
serviceability of a section include four measures of the sig-
nificant factors which influence the riding condition of a
pavement. Two terms indicate the amount of surface defor-
mation. The first term, slope variance, which is determined
with the AASHO profilometer , expresses the amount of longi-
tudinal deformation. The second term, rut depth, which is
significant only in the flexible equation, indicates the
amount of transverse distortion. F.ut depth is measured in
inches at suitable intervals in the deepest part of both
wheelpaths. The remaining two terms, cracking and patching,
both measured manually, denote the amount of surface deter-
ioration.
The FSI equations which were determined by ... N. Carey,
Jr. and P. E. Irick are of the general form:
PSI = PSR - a - b (log (1.0 + SV)) - ci^C + f) - d(RD)2
where:
PSI - the present serviceability index,
PSR = the estimated present serviceability rating,
'SV = the average slope variance of both wheelpaths
as measured by the AASHO Road Test longitudinal
prof ilometer,
= (for rigid pavements) major cracking in linear
feet per 1,000 sq ft of pavement area. Lajor cracks
are sealed cracks and those cracks which are spalled
to a width of 1/4 in. for at least half their length.
Measurement is made on the longitudinal or transverse
projection of the crack, which ever is' greater^
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G = (for flexible pavements) area cracking in square
feet per 1,000 sq ft of surface area which has pro-
gressed in a definite pattern joined in both directions,
P = (for rigid pavements) bituminous patching in
square feet per 1,000 sq ft of pavement area. Area
cracking which is awaiting maintenance may also be
included in the category of patching,
P = (for flexible pavements) repair of the surface
either by skin patching or by deep patching in
square feet per 1,000 so ft of surface area,
RD = average rut depth In inches measured in the
center of a 4 ft span in the deepest part of the
rut. This average is obtained by averaging 40
to 50 evenly spaced samples for a 1,000 ft section,
a, b, c, and d are constants whose values were determined
in the regression analysis. (5;
The FSI equations determined by W. N. Carey, Jr. and P. S.
Irick for rigid and flexible pavements account for 91.6 and
84.4 percent, respectively, of the variation in the rating
values. (7)
Rating Panel Precision
V. F. Kakamura ascertained the minimum number of raters
in a PSR panel for achieving various degrees of precision in
the estimated ratings. These ves.ul obtained in a study of
60 pavement sections, are summarized in Table 1. The study,
completed in 1962, involved three rating panels of ten mem-
bers each. Ten engineers from the Indiana state Highway Com-
mission were on the first panel. The second panel consisted
of ten Civil Engineering professors from Purdue University,
and the third panel had on it both men and women who v.ere not
associated with the highway engineering profession. (15)
14
Table 1. Number of Raters I Zi be 1 Present
i Llity of a Pa vement
Number of Raters












No significant difference was observed by foakamura be-
tween the average rating of each of the two professional
panels (men in the highway engineering field), and the
average rating of the non-professional panel. V. P. Takamura
concluded that professional experience in the highway engin-
eering is not important in the selection of a rater to help
determine the present serviceability of a pavement. However,
all the raters in the three panels had four or more years of
driving experience and each rater drove over 5,000 miles per
year. (15)
Other Measures of Serviceability
The serviceatility-perf ormance concept is not limited
to the system of measuring present serviceability initiated
by Carey and Irick. Features of the roadway surface condi-'
tion other than slope variance, rut depth, cracking and
patching can be used to predict the present serviceability of
a pavement. Features such as the amount of scaling, spal-
ling, blowups, D-lines, bleeding, and raveling influence the
present serviceability rating of a panel. Many mechanical
methods of measuring surface condition have been developed.
In an effort to correlate the various factors influ-
encing serviceability with the methods of measuring these
factors, the Highway Research Board and the American Asso-
ciation of State Highway Officials through the National
Cooperative Highway Research Program sponsored a study to
determine FSI equations relating serviceability to surface
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conditions as measured by various methods. The methods
included ten Bureau of Fublic Roads type roughometers; the
University of Michigan, AASHG, and ClfLOE prof ilometersj
the Texas and South Dakota texture meters; the Kentucky
accelerometer ; and the Purdue tire pressure measurement
device. The PSI equations that were developed are reported
in the KCHRF Report 7, Comparison of Different Let hods of
Measuring ravement Condition , Interim Report , by E. J. Yoder
and R. T. Milhous. (19)
The FSR of each of the 50 pavement sections included
in the Yoder - kilhous study was determined by a 20-meruber
professional panel and a 10 -member lay panel. The rating
card used was similar to the ones used in the Carey and
Irick study and in the Nakamura study, with the exception
that the panelists were also asked to indicate to what
degree their ratings were influenced by each of 5 factors.
The factors were longitudinal distortion, transverse distor-
tion, cracking, faulting, and surface deterioration. FSI
equations were determined from a regression analysis between
the present serviceability ratings and the machine and
manual measurements of pavement surface condition. Some
of these equations are based on the Carey and Irick model
equation. Other equations are functions of machine measure-
ments only, and do not include a cracking and patching term.
The correlation coefficient for most of the equations
determined was 0.S5 or higher, and the standard errors of
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estimate were usually less than 0.5.
The investigators found that the major factors influ-
encing present serviceability ratings are longitudinal and
transverse distortion of the pavement surface. The profjl-
ometers, roughometers, and accelerometer are well suited to
measuring longitudinal distortion. The best measure of
transverse distortion is still a manual measurement of rut
depth. In addition to the amount of distortion, cracking,
and patching, several other minor factors were found to
modify the serviceability of a pavement. The magnitude of
faulting between slabs and at major cracks had some influ-
ence on the ratings of rigid pavements, and the amount of
bleeding appeared to be releted to the serviceability of
flexible and overlay pavements. The texture of the pavement
es measured by the Texas and South Dakota texture meters
was also found to have some effect for all pavement types. (19)
Predict ing .serviceability by the &ASK0 t-Equations
Prior to the AASHO Road Test, the only methods for es-
timating the present serviceability of a highway pavement
were the rating panel, FSR, and pavement surface condition
measurements, FSI. Both of these methods are restricted to
determining the serviceability of a pavement which has
already been constructed. Neither of these methods can be
used to predict the changes in serviceability with time
for either existing or proposed highways.
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In order to overcome these limitations, the AASHO Road
Test was conducted to develop equations for predicting the
present serviceability of pavements when only design char-
acteristics and traffic loading features are known.
The specific objectives of the AASHO Road Test, as
stated by the Kational Advisory Committee of the Highway
Research Hoard in April, 1957, included?
1. To determine the significant relationships
between the number of repetitions of specified
axle loads cf different magnitude and arrange-
ment and the performance of different thicknesses
of uniformly designed and constructed asphaltic
concrete, plain portland cement concrete and
reinforced portland cement concrete surfaces on
different thicknesses of bases and subbases when
on a pavement soil of known characteristics.
5. iO develop instrumentation, test procedures,
data, charts, graphs, and formulas, which will
reflect cne capabilities of the various test
sections, and which will be helpful in future
highway design, in the evaluation of the load
carrying capabilities of existing highways,
and in determining the most promising areas
for further highway research. (3)
'lo accomplish these objectives, six test loops of two lanes
each were constructed at Ottawa, Illinois. 3ach loop
consisted of sections of different thicknesses of pavement.
There were 468 asphaltic concrete sections and 36G portland
cement concrete sections. (4)
The thicknesses of the asphatic concrete sections were
1, 2, 3, 4, 5, and 6 in. These surfaces were placed directly
on the subgrads soil ( a fine grained clay meeting the AASHO
A-6 classification with a Group Index ranging from 9 to 13),
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or on 3, 6, or 9 in. of crushed stone base, and 4, 8, 12, or
16 In. of sand-gravel subbase. tlexible pavement sections
having all possible combinations of these thicknesses were
included in the Road Test. (5)
"The thicknesses of the portland cement concrete sections
were 2 1/2, 3 1/2, 5, 6 1/2, 8, 9 1/2, 11, and 12 1/2 inches.
Some were placed directly on the subgrade soil; others were
placed on 3, 6, or & inches of sand-gravel subbase." Each
design was used with both plain and reinforced concrete. (5)
Test traffic was driven over each lane of five of the
six loops for slightly more than two years. Loop 1 did not
receive test traffic; instead, it was reserved for special
environmental tests. Each test traffic lane received
1,114,000 axle load applications. Steering axlfi.g were not
counted es producing lc^:" applications.
Ten types cl trucks, each having a different axle load
and axle configuration (single or tandem axle) were used as
test vehicles. The axle leads of the test vehicle? ranged
from 2 to 22.4 kips for the single axles and from 24 to 48
kips for the tandem axles. As a result, the gross weight of
the vehicles ranged from 4 to 108 kips. However, trucks of
only one given type of axle (single or tandem) and weight of
axle were driven on any given lane.
The rigid and the flexible pavement sections were
considered separately in the AA5KC Road Test analyses. The
average initial serviceability, Cl, for all the pavements
I a given type was determined in the Initial stage of the
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test, by measuring the amount of cracking, patching, rut
depth, and slope variance, and then using the Carey and
Irick PSI equations.
The present serviceability index of each test section
was subsequently calculated every two weeks by these same
PSI equations. A test section was considered to have failed
when the specified terminal level of serviceability, C2, was
reached. The total number of accumulated axle applications,
Rho, was recorded for each section that reached failure. An
equation was developed for each pavement type (rigid or
flexible) correlating Rho with the thickness of the pavement
and the weight and type (single or tandem) of axle loads to
which the pavement was subjected.
The equation for Rho was based upon the relationship
that Rho increases with thicker pavements or if a tandem
axle is used rather than a single axle, while Rho decreases
if the axle load is increased. The general equation for
Rho is:
p = a (D + 1.0) b (L2)°
(LI + L2) d
v;here ;
P = Rho = th6 total number of accumulated axle appli-
cations to a fSI equal to G2,
D = the effective thickness of the pavement (termed SN
or structural number in the case of flexible or overlay
pavements)
,
LI = the axle load,
L2 = an axle coding factor equal to 1.0 when the axle is
single and 2.0 when the axle i3 tandem, and
21
a, b, c, and d are constants determined in the two
separate regression analyses for rigid and flexible
pavements
.
Of the several model equations considered for predict-
ing serviceability, the following expression provided the
best fit of the field data collected at the AA3PI0 Road Test.
p = psi = ci - (ci - 02) (w / e)^
in which 01 * P > 02,
and where $
P - the present serviceability as estimated by the
number of applications of a given axle load on a ;riven
pavement,
PSI = the estimated present serviceability index of the
iven pavement section,
01 = the average initial serviceability of all the
pavements of this type,
C2 = the selected terminal serviceability level,
W = the number of accumulated axle applications at the
time P is calculated,
P= Rho = the total number of accumulated axle appli-
cations to the time the pavement reaches the terminal
serviceability of 02,
/3 ~ Seta = an exponent which determines the general
shape of the serviceability trend.
An equation was found to express Beta as a function of
pavement thickness and the weight and type of axle load
applied. Eecause Beta is usually close to one, the graph of
P tends to approximate a straight line.
The equations which were developed at the AASH0 Road
Test on the basis of this model equation are commonly
referred to in the literature as the AAS11Q Performance
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Equations. However, these equations actually predict the
present serviceability of e pavement and only indirectly
Its performance. Therefore, these equations will be refer-
red to throughout this report as the AASHO P-equations.
The AA8HC P-equation for rigid pavements Is as follows;
P - 4.5 - (4.5 - 1.5) (W /e ) /3 .
As explained in the ?-equatlon model:
F = the present serviceability as estimated by the
numbsr of aDolications of a ;iven axle load on a given
pavement,
4.5 - the average initial serviceability of all the
ri T id pavements In the Road lest,
1.5 <* the selected terminal serviceability level,
w - the number of accumulated axle applications at the
time when P is calculated,
£ Rho = the total number of accumulated axle appli-
cations to the time the pavement reoches the terminal
serviceability of 1.5, and
/3 - Beta = the exponent which determines the general
shape of the serviceability trend.
She is estimated by the equation;
e = (10.0) 5 - 85 (D + 1.0) 7 - 55 (I/?) : - 28
(LI + L2) 4 «o2
and Beta is given by the equation:
ft * 1.0 + 3.65 (LI + L2?5-g
[D + 1.0) 3 *42 (L20 fr.o>3.52 '
where :
LI = the total axle load in kips on either a single
or tandem axle,
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L2 = 1.0 for a single axle, and 2.0 for a tandem axle,
and
D = the effective thickness of pavement, in inches.
Graph3 of Rho and Beta as functions of effective thickness
for fixed values of LI = 18.0 kips and L2 = 1.0 are ^ivan In
Apps nd ix A
.
The P residual summary determined at the AASHO Road
Test for the rigid F-equations is as follows: a correlation
index, r^, of 16 percent, and a correlation coefficient, r,
of 0.40, and a root mean square residual of 0.24. "The low
correlation index is due in prrt to the relatively narrow
spread in the log 9V values." There is approximately 90 per-
cent confidence that P3I v. Ill be found between P +0.34 . (4)
Two sets of equations were determined, at the AASHO Rosd
Test, for flexible pavements. Cne set, termed the unweighted
equations, were evolved using the actual values of W, in the
same manner as the rigid equations were developed. The
other set, termed the weighted equations, are baaed on
values of W which have been modified by a seasonal weighting
function. The rationale behind the weighted equations is
discussed under "Climatic Factors" in this review of liter-
ature .
The equation for P is the same for both the weighted and
the unweighted set.
p = 4.2 - (4.2 - 1.5) (W / e)*
3
in which P, W, {?, and /3 correspond to the same terms in the
rigid P-equation. The differences between the weighted and
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unweighted equations are in the relationships for estimating
Rho and Beta. For the unweighted case Rho is estimated by
the equation:
(10.0) 6 ' 1 6 (SN + 1.0)8.94 (L2) 4 »1'7
(LI + L2)4.54 ;
and for the weighted case;
p _ (10.0)5.93 ( SN + 1.0)9.36 ( L2) 4 '33
(LI + L2)4.V9
For the unweighted situation Beta is given by the equation:
4 m . 4 + (0.083) (LH- L2?4.37
(SN + 1.0)8.73 (L2)4.37
and for the weighted assumption Beta equals:
,5=0.4+ (Q. 081) (LI + L2)3'23
(SN + 1.0)5-19 (L2)2-23
where $
LI = the total axle load in kips on either a single
or tandem axle,
L2 = 1.0 for a single axle, and 2.0 for a tandem axle,
and
SN = the structural number = the effective thickness
of the pavement, in inches.
The effective thickness Is determined by the equation:
Si: = ^ (A1 ) (Di)
where:
Al = a coefficient reflecting the relative strength
of the component layer, i; and
Di = the thickness in Inches of the layer, 1.
The P residual summary for the weighted and unweighted
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flexible equations are as follows: correlation indices, r^,
of 0.48 and 0.70; correlation coefficients, r, of 0.59 and
0.34; and root mean square residuals of 0.47 and 0.54, re-
spectively. There is approximately 90 percent confidence
that PSI will be observed between P + 1.1 for the unweighted
flexible equation, and P + 0.9 for the weighted equation. (4)
The weighted equations were considerably better than
the unweighted equations for Rho and Beta when used for
predicting the present serviceability of the flexible pave-
ment sections included in the AASHO Road Te3t. This greater
precision was because the weighted equations took into ac-
count the seasonal change in the soil support provided by
the subgrade.
Climatic Factors
The AASHO Road Test was conducted near Ottawa, IllinoLs,
which is about 80 mi southwest of Chisago. Ottawa is located
on an east -west line which runs about IS mi south of Hammond,
Indiana, and about 26 mi north of r'ort «ayne .
"The annual precipitation at the site averages about 34
in., of which 2.5 in. occurs as 25 in. of snow. The climate
is typical of that found throughout much of the northern
United states." The depth of frost penetration is 25 in.,
which is between 5 and 10 in. deeper than most of Indiana.
(3)
It was observed at the Road Test that the same load had
Leas effect on a flexible pavement if applied during the
frozen winter months, than if applied during the spring
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break-up. This effect was not noticeable for the rigid pave-
ment sections.
In order to account for this effect the weighted flex-
ible F-equation was developed. The number of accamulsted
axle applications, Wt, for a given period, t, was multiplied
by a seasonal weighting factor, Qt, for that period. In the
same way that the unweighted equations were obtained from a
plot of P versus W, the weighted equations for P, Rho and
Beta were developed by plotting P against Wwt = y (Qt)(Wt).
"The use of seasonal weighting factors Increased the
correlation index of the flexible (P-equation) from AS/0 to
70$ , and reduced the mean residuals by 15%. n {4) The sea-
sonal weighting factor vjs s determined from the aver&ge deflec-
tion of several pavements under a 6-kip tandem wheel load.
This weighting function is defined by:
Qt = T2 Dt - bs"|2
where
:
Qt = the seasonal weighting factor for th« period, t;
Dt = the estimate of the average deflection of 8 flex-
ible sections In loop 1 when subjected to a 6-kip
tandem wheel load during the period, t;
us = the smoothed deflection for the period preceding the
Index period, t; and
D = the average Dt during the two year AASHO Road lest.
The division by D makes Qt a dimensionless factor. However,
it also makes the function strictly applicable only to the
site at which the deflection data were gathered. (4)
?7
The use of a seasonal weighting function is necessitated
in the event that either the subgrade support, the number of
axle applications, or th^ traffic composition varies signi-
ficantly aiuong tiie seasons of the year. The seasonal weight-
ing function has b^e-n used to determine the regional factor,
RF. The purpose of the regional factor is to extend the
applicability of the weighted AaStIl flexible P-equations to
other parts of the country by typifyine the weather conditions
at any -:iven location. The RF is the m^an value of the sea-
sonal weighting factors determined at the given location, i.e.
RF = ( \ Qt ) / t .
The regional factor obtained at Cttaws, Illinois, 1 or the
two-year AAorfO Road Test equals 1.2. (5)
The seasonal weighting factors for certain typical
conditions which can be used to estimate the regional factor
are as follows:
Roadbed soil frozen
(5 in. depth or more) 0.2 to 1.0
Roadbed 30il dry
(summer and fall) 0.3 to 1.5
Roadbed soils saturated
(spring break-up) ........ 4.0 to 5.0. (1)
These values were obtained by correlating the weather condi-
tions as experienced at the Road Test during the period, t,
with the seasonal weighting function, Qt, obtained from de-
flection measurements. Whether the correlation is valid
throughout the remainder of the country i3 yet to be estab-
lished.
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The seasonal weighting factor or the regional factor
is used in solving the weighted flexible F-equation by
computing either:
Wwt = % (Qt) (vVt) ; or
Wwt * (RP)(^Wt) = (RF)(W)
where
:
V<wt a the total number of weighted axle applications;
Qt = the seasonal weighting factor during the period, t;
RF - the regional factor;
Wt = the number of axle applications during the period,
t ; and
W = the total number of axle applications.
Then, w.t is substituted for W in the F-equation and the
equation is solved for the estimated present serviceability.
Effective Thickness of a Pavement
The AASHO equations for Rho and Beta are functions of
the effective thickness. The effective thickness concept
attempts to take into account the entire pavement system.
The factors considered include the thickness of the compon-
ent layers: sublase, base, and surface; the materials of
construction of these layers in regard to botn their relative
strength and durability; and th<=> support provided by the sub-
grade .
The effective thickness, D, of a rigid pavement depends
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primarily on the thickness, D2, of the concrete slab.
However, if a suobase is not provided, then the effect
of the subgrade is significant.
The effective thickness, SN, of flexible and overlay
pavements depends on the thickness, b\ , of each component
layer, i. Each layer is weighted by a strength coefficient,
Ai, which reflects the relstive cohesion, stability, and
bearing values of the material in question. The relation-
ship for the effertlve thickness of flexible and overlay
pavements is:
SH =Z (Ai) (Dl) .
The strength coefficients for the construction materials
used at Ottawa were determined as part of the AAbliO Road
lest regression analysis in which the P-equatlons
determined. The strength coefficients for various component
la ye rs a re :
surface Course - *1
Road mix (low stability)










Old bituminous concrete surface
0.14 - 0.24















Sand or sandy clay 0.05-0.10 (5)
However, these strength coefficients ere for use with the
weighted flexible P-equatior. only. With the unweighted
equation, the strength coefficients should be slightly lower.
In the case of flexible or overlap pavements, the soil
support provided by the subgrade can not. be neglected. A
method of modifying the weighted ASSHO flexible £ -equation
to tai-re into account the strength of the subgrade has been
determined by the AASHC Design Committee. (5) This method
makes use of a soil support scale which has been correlated
with various strength tests including C?R and F. [1 , 2)
Three facts concerning the AASHC P-equations are of
special importance to all studies or design procedures using
these equations. First, the pavement sections w=re specially
constructed for the AASHO Road Test, on a uniform subgrade
of A-6 soil, in a geographically small area with one set of
weather and climatic conditions. Second, the pavements
received a lifetime of traffic loading in conjunction with
only two years of weathering. Third, trucks of only one axle
type and weight were driven on a given pavement section.
This fact precludes the use of Road Test data to determine
the effect of the interactions between cars and trucks of
varying weights on pavement behavior. These, three signifi-
cant areas of discrepancy between Road Test conditions and
31
actual pavement, environmental, and traffic features of
highways serve to increase the precision of the AASHO
I'-ecuatlons but limit their direct applicability in other
parts of the country.
However, a method has been found by F. H. bcrivner and
E. C. Duzan to extend the AASHO F -equations to a mixed
traffic condition. This method makes use of equivalence
factors. (16)
equivalence Factors
The AASKG P-equations were derived for test pavements
receiving axle applications of only on3 type (single or
tandem) and or.o load. 5ecause this is net the case for
actual highways, it was necessary that either som6 means
be found to evaluate rt , Rro, and Beta for a mixed traffic
condition, or else, seme means be found to reduce the axle
loads to one single "equivalent" axle load.
The first method, referred to as mixed traffic theory,
leads to an Integral which can not be readily evaluated, and
hence is difficult to use. The second method, called
equivalence traffic theory, converts all loads to equivalent
18-kip single axle loads. It is much simpler to use than
mixed traffic theory. Generally, the two methods yield
similar results. (18)
An equivalence factor, EPi, Is assumed to be a measure
of the destructive capability of an axle load of a ^iven
weight and type category, i, compared to an 16 -kip single
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axle standard. Actually, an equivalence factor is the ratio
of the total number, W18, of 18-kip single axle load appli-
cations, to the total number, Wi, of axle load applications
of a given weight and type category, i, necessary to reach
the same terminal present serviceability on a given type and
thickness of pavement, i.e. ;
EPi = WIS / Wi.
With the use of equivalence factors, the AASHO F-equa-
tions car. be solved directly. Rho end Beta are reduced to
functions of just one variable, effective thickness, since
Li is set ecual to 18. i kips and L2 to 1.0. The total
number, W, of accumulated axle loads equals the summation
of the number, Wi, of axle leads Df each wei ht and
cate -c r;
, ,
times its a] :r / "iats equivalence factor, EFi.
The formula is:
IV = L (Wi) [EFi ) .
±
2Pi is a function, not or 1 f the ht of the axle
and its type (sinj le or ti 3 '. , but also of the type cf
pavement Irigid or flexible) and the sffectiv kness
cf the pavement (B or SN) , as vvell as the terminal level of
present serviceability. These relationships become apparent
when the origin of equivalence factors is more closely in-
vestigated. In the determination of equivalence factors the
AASHC F-equations are used to obtain the number of axle
applications that have equivalent destructive capabilities.
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The derivation begins with the basic AASBO P-equation:
P = CI - (CI - C2) (IN / P)^.
An expression for V; is obtained by rearranging the terms,
and then raising both sides of the equation tc the (1.0//3 )
power. This expression is solved twice, once for W18 and
then again for Wi. The equivalence factor, EFi, for a given
load and axle a rrangen.ent , i, is the ratio of VV18 to Wij
EPi ,H3 = (PlS) ((CI - Ft) / (CI - C2})* 1 ' /^18)
Wi (?i) ((CI - Ft) / (CI - C2))d-0 //si)
where
:
EPi = the equivalence factor for axle load and type, i;
-V18 = the total number of 18-kip single axl^ load
applications to a terminal serviceability of Pt
;
I/Vi = the total number oi applications of the axle
load and type, 1, to the same serviceability, Pt
;
fl8 and ^18 = the values oi Rho ana Bets when LI =
18. C kips and L2 = 1.0, and D or SI. = the effective
thickness considered i or the given type oi pavement;
Pi and s3 ! = the value of Rho and Beta when LI, L2,
and J or SK = the appropriate values for the axle
load and type, i, and the effective thickness and
pavement type considered; and
Pt = the terminal level of present serviceability
of the pavement.
The AAoKC Interim Design Guides list equivalence factors
as a function of axle load for both single and tandem axles
at terminal serviceabilities of 2.0 and 2.c; for effective
thicknesses, D, of rigid pavements equal to 6, 7, 8, 9, 10,
and 11 in.; and effective thicknesses, SN, of flexible pave-
ments equal tc 1, 2, 3, 4, 5, and 6 in. (1, 2)
Equivalence traffic theory permits using the AASHO
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F-equations for predicting the present serviceability of a
highway pavement where both the traffic distribution and the
pavement design are known and the equations for Rho and Beta
are applicable. If the present serviceability of s pavement
is known throughout the service life, of the pavement, the




With the pavement serviceability - performance concept
as the foundation and the AASHC F-e qua t ions as the frame-
work, a method was developed in this study for comparing
alternate pavement designs. The AASHO F-equatlons arf
expressions which empirically relate the changing present
serviceability of a pavement with the cumulative number of
axle load applications. These equations are commonly
denoted in the literature aa the AASHO Performance Equations
However, to avoid confusion with the performance equations
which were developed in this study of Indiana highway pave-
ments, the AASHO performance equations are referred to as
the AASHO P-equations throughout this study.
The general procedure of this study is summarized in
the following steps:
1. The AASHC f -equations ware modified to adequately
predict the present serviceability of rigid, flexible,
and overlay pavements in Indiana.
2. A mathematical equation was developed to estimate
the performance of highways for various traffic
c end It ions .
3. A technique was devised for comparing alternate
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pavement designs for any given location in Indiana.
The criteria for selection are the performance and
cost of each design thickness for the service life of
the pavement
.
The design comparison method developed in this study is
applicable in all parts of the country where the AASHO
P-ecuations have been verified, or modified if necessary.
modification of Serviceability Squat ions
The modification of the F-equations was accomplished
by comparing the present serviceability of 160 sections of
highway pavement as predicted by the AASEC equations to the
actual serviceability that was observed at a known point in
the service history of each study section. The number of
sections in this study represented about 30 percent of the
total number of test sections included in the AASHO Road
Test main factorial analysis.
Actual Present Serviceal ility
The present serviceability of each section in this
study had been measured in one of three previous investiga-
tions: F. Li. Holloway in the summer of 1955; V. F. Kakamura
in October, 1961; and E. J. Yoder and R. T. Milhous in
Au ist, 1963. The number of sections borrowed from each of
these investigations is shown in Table 2.
The data from the latter two studies were already in
the form of present serviceability ratings. However, F. M.




























Totals 80 56 24
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Holloway had used the Indiana (Purdue) roughometer to measure
the amount of pavement distortion displayed by each one of
his 115 sections. These roughometer rcea3urements and the
Yoder-Milhous equations lor predicting the present service-
ability using the Indiana roughometer were employed to com-
pute the present serviceability index, PSI, of each of Hol-
loway' s sections. The relationship for rigid pavements is:
FSI = FSR = 6.09 - (0.025) (R);
and the equation fcr flexible pavements is:
PSI = F3R = 4.79 - (0.015) (P);
where
:
FSI = the present serviceability index of the section,
PSR = the estimated present serviceability rating of
the section,
R = the number of inches of roughness per mile as
measured by the Indiana (Furdue) roughometer.
The correlation coefficient, r, is 0.90 fcr the rigid equa-
tion and 0.91 for the flexible equation. The standard
errors of estimate, Sj;, f°r fc ^e rigid and flexible equations
are 0.42 and 0.28, respectively. (19) Therefore, there is
a 90 percent probability that the ?LR will be found within
PSI +0.S for a rigid pavement section ana FSI +0.6 for a
flexible section.
iJaksmura and Yoder-1/.i lhous determined the. present
serviceability of their respective sections by means of a
30-member rating panel. Fakamura discovered that a 30-
member panel estimates the present serviceability within
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+ 0.3 of the true present serviceability at thc 5 percent
level of significance. (15, 19)
The 160 sections included in this study were located
throughout the entire Stat* of Indiana. Over 57 percent of
the 92 Indiana counties were represented by one or more sec-
tions, and more than one third contained two or more sections
The Indiana State Highway Commissi en has divided the state
Into 6 maintenance districts. A breakdown of the distri-
bution of the sections by ISEC maintenance districts is
shown in Table 3.
Serviceability data were available for a totel of 224
sections from the three research studies. However, 04
sections were eliminated from this analysis for one or more
of the following reasons:
1. The section was not part of the Indiana State
Highway system;
2. Road life data were not available because the
section was located within the corporate limits of a
city;
3. The section was not homogeneous with regard to
the variables considered; and/or
4. The exact location of the section could not be
determined
.
The sections which were considered Include three pavement
types (rigid, flexible, and overlay), and a wide range of
present serviceability and traffic volumes.
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The serviceability of a highway pavement section can be
predicted from the AASHO P-equations providing Q ,/3 , and the
accumulated number of axle applications, W, either are known
or can be estimated. The general form of the AASHO P-
equations is:
P - CI - (Gl - 02) (vy / e) fl
where
:
P = the present serviceability a3 estimated by the
number of applications of a given load on a given
pavement
,
CI = the average Initial serviceability of all the
pavements of trie given type,
02 =s the selected terminal serviceability level,
V. = the number of accumulated axle application at the
time when P is calculated,
9 - Rho = the total number of accumulated axle appli-
cations to the time the pavement reaches the terminal
serviceability level of 02, and
/3 = Beta - an exponent which determines the general
shape of the serviceability trend.
Rho and Beta can be approximated if the pavement dpsi;:n is
available and if the equation for Rho and the equation for
Beta determined at the AASHO Load Test are assumed to be
applicable. The general form of the equation for Rho is:
a (B + 1.0)b (L2)c
e = (LI + L2 )d
and the expression for Beta is of the form:
/3 = e +
f i LI + L2)g
iD +1.0) h (L2)
where j
D = the effective thickness cf the pavement section
(in the case of flexible and overlay pavements the
effective thickness is abbreviated as SN)
,
LI = the total axle load in kips on either a single
or a tandem axle,
L2 = 1.0 for single axles, and 2.0 for tandem axles,
and
a, b, c, d, e, f, g, h, and i are constants whose
values were determined in the AAbh'O Road Test regres-
sion analysis
.
Rho and Beta are parametric equations, i.e. different func-
tions of the same variables. The parameters ere axle load,
LI: axle type, LP; pavement type, rigid or flexible (re-
surfaced pavements are Included with flexible pavements; if
the resurfacing is done over an old rigid pavement, it is
called an overlay); and effective thickness, D or SN. The
use of equivalence traffic theory permits the reduction of
the traffic stream to one equivalent axle type and load.
Without this theory the AASHO F-aquations could not be
applied to uilxed traffic conditions. (18)
All the axle load applications are expressed in terms
of equivalent numbers of 18-kip single load applications.
Because LI is set equal to 18.0 kips and L? equals 1.0,
Rho and Beta are simplified to functions of effective thick-
ness only, for each pavement type.
The effective thickness is based on the relative
contribution of each layer in providing for the total load
carrying capacity of the pavement system. The effective
thickness was computed for each rigid, flexible, and
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overlay section in this study. The thickness and construc-
tion material data for the various component layers of each
pavement section were obtained from the road life
records of the Indiana State Highway Commission.
The effective thickness, D, of each of the portland
cement concrete sections was simply approximated by the
thickness of the slab, DP. The only modification for the
rigid pavements was for sections having thickened-edge slabs.
In these cases, a uniform effective thickness was calculated
by means of the Westergaard equation for corner loading*
The effective thicknesses for 9-5-9 and 9-7-9 slabs
are 7.1 and 7.7 in., respectively. (9) All the rigid
pavements included in this study are portland cement
concrete pavements referred to by the ISHG as type 7021.
The effective thickness, SN, of each of the flexible
and overlay pavements was computed from the strength coef-
ficient, Ai, and the thickness, Di, of each of the layers
which comprises the pavement section. A strength coefficient
reflects the relative cohesion, stability, and bearing value
of the material. These coefficients were obtained from the
values determined at tha AASEO Road Test for similar materials
(4) The effective thickness of a flexible or overlay pave-
ment Is calculated by the relationship:





SK = the effective thickness of a flexible or overlay-
pave me nt
,
Ai = the strength coefficient of the layer, i, and
Di = the thickness, in inches, of the layer, i.
The layers, i, are usually the surface, 1; the base, 2; and
the subbase, 3. A resurfaced pavement may have more than 3
layers.
Seven types of bituminous pavement are represented by
the study sections of this report. The flexible pavement
types are 4231, 4253, 6201, 6202, and 6221. A 4231 is the
ISHC designation for a pavement of mixed bituminous surfac-
ing with a combined thickness of surface and base greater
then 7 Inches. A 4253 is a mixed bituminous stabilized
gravel. A 6201 is a bituminous concrete, type 5. A 6202 is
a mixed bituminous concrete on a non-rigid subbase. A 6221
is a rock asphalt on a non-rigid subbase.
The overlay pavement types in this study are o706 and
6726. A 6706 is a hot asphalt concrete on a rigid subbase,
while a 6726 is a rock asphalt pavement on a rigid subbase.
In the case of flexible and overlay pavements the
strength of subgrsde can not be neglected as It customarily
is with rigid pavements. A modification of the AA3HC flex-
ible P-equation reflecting the bearing capacity of the sub-
grade was determined from Chart 400-1 of the AA6K0 Interim
.ueslgn Ouide for Flexible Pavement Structures . ( 1 ) Thi s
modification is made directly to the effective thickness, SN,
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because the subgrade is an Integral part of a flexible or
overlay pavement system. The set of equations for deter-
mining the modified effective thickness, SKmod, is as
follows j
XI = 11.5 (S - 3.0)
-130.0 + ^16,900.0 - 55,600.0 (1.095 - SN)
X2 =
2.78
X3 = XI + X2
SNmod = (1.39 x 10.0~4 )(X3) 2 + (0.013) (X3) + (1.095)
where:
SN = the effective thickness of the surface, base,
and subbase of either a flexible or overlay pavement;
S = the soil support value (or factor) of the subgrade;
and
SKmod = the effective thickness of the entire pavement
system including the effect of the subgrade.
The modified effective thickness was used to determine the
values of Rho and 5eta which were then substituted into the.
AASHO flexible P-equation to predict the present serviceability
of each of the flexible and overlay pavement sections included
in this study.
In order to overcome the inherent limitations of the
AASHO soil support correlation, the idea of a soil rating
panel was conceived in this study of Indiana pavements. Six
Civil Engineers, well acquainted with the engineering
properties and behavior of the soils of Indiana, were asked
to serve on the panel. Each panelist gave his opinion of
the relative effect of the major soil types of Indiana on
46
flexible pavement performance when a highway la built on a
subgrade consisting of one of the soils.
The major soil types of Indiana have been delineated
on the map entitled "Engineering Soil Parent Iviaterial Areas
of Indiana - 1950." The soils of Indiana are divided into
17 major soil units on this map. These soil units are based
upon origin and either parent material or landforui.
The major soil unit, "voter Transported Sands," was
further subdivided for the purpose of this study into the
"Kankakee Sands" and "Sands Except the Kankakee Sands."
Because the soils within a given unit are reasonably similar
in their behavior as subgrade materials, a single soil
performance rating is sufficiently representative of the
soils within a given unit.
The rating scale used by the panelists ranged from 0.0
to 10.0. Ihe scale was <^&tegorizea into five intervals
which represent qualitative degrees of pavement behavior on
these subgrade s: ).0 to 2.0 - "Very Poor"; 2.0 to 4.0 -
"foor"; 4.0 to G.O - "Average"; 6.0 to 6.0 - "Good"; and
8.0 to 10.0 - "Very Good''.
Each member of the panel independently evaluated the
relative performance of the 18 major soil units in Indiana.
A copy of the instructions to the raters is included in
Appe nd lx R
.
The soil ratings of the panel were used to determine
the soil support factor for each major soil unit. The modi-
fied effective thickness for each flexible end overlay
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section was determined from the average soil support factor
associated with the major soil units under each pavement
section.
To summarize the steps in obtaining values for Rho and
Beta:
1. Per rigid pavements, the effective thickness, D,
is the slab thickness, in inches, with a possible
modification due to thickened-edge design.
2. For flexible pavements, the basic effective thick-
ness, SN, is a linear combination of the thicknesses of
the component layers, with strength coefficients. SN
is modified by a soil support factor. This modified
effective thickness, SNi od, is used in either the
weighted or unweighted equations for Beta and Rho.
3. RholE and. EetalO are calculated from the appro-
priate equations for the pavement type, with the
effective thickness as described stove, end with
LI = 16.0 kips and L2 = 1.0.
".then Rho and Beta are expressed in terms cf en lb-kip single
axle load, then the total number of axle applications, N,
has to be expressed in terms of 18-kip equivalent axle loads
The W for each pavement section was estimated from the
average daily traffic, hui' ; a measure of the traffic
composition, percentage of trucks in the total traffic
stream; and the number of years, Y, from the time of
construction to the time of rating.
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The kD'i for each section was obtained from the report
entitled: ''Sufficiency Ratings - 1966, Indiana State
Highways.*1 If a given section had been divided into
several subsections in the sufficiency study, and if the
subsections had different AL/T voluir.es, then the weighted
average ADT was calculated. This average was weighted
according to the length of highway for each traffic volume
recorded
.
A rov.th factor of 6 percent per year was used in
determining the average volume of traffic on each section
from the time of Its construction to the time of its rating.
The formulas used were:
A ffi'a = ADTb + ADTc
'c • Q




(1.0 + r) vo£ " c)
e :
hJ^6 - the AM' of the section averaged over the
period prior to rati r. ;
ADTb - the ADT when the section was built, in the
year, bj
ADTc = the ALT when the section was rated, in the
year, c;
hDI65 = the '65 aDT determined from the "Highway
Sufficiency Study" (for one direct ion); and
r = the growth rate t traffic per year expressed as
a decimal fraction.
A sensitivity analysis was performed to evaluate the effects
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on the predicted serviceability if ADT growth factors of 4
and 8 percent were assumed rather than 6 percent.
The year of construction of each section was determined
from the rosd life records of the Indiana State Highway Com-
mission Planning Department. In the event the construction
year coincided with the rating year, traffic was assumed to
have gone over the section for ISO days. Only a slight loss
in precision resulted from this approximation, because the
most important variable influencing the present service-
ability is the initial serviceability of the pavement end
not the traffic volume when the age of the pavement is two
years or less.
The traffic composition for each section vas estimated
from data gathered at 22 loadometer stations every year for
three years. The analysis of this data permitted the devel-
opment of equivalence coefficients. The results and imple-
mentation of this approach are further discussed under the
headin : entitled "Equivalence Coefficients" in the section
on results.
*»hen the AASEC flexible p-equatlons are used to predict
the present serviceability of a highway pavement section,
the following possibilities exist for the determination of
the cumulative number of lS-kip equivalent axle applications,
If it is assumed that the conditions are similar to those
at Ottawa, Illinois,
1. the unweighted flexible F-eauation with no modification
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to W, or
2. the weighted flexible !F -equation with either the
seasonal weighting factors, Qt, cr the regional factor,
RF, as determined at the AASJiO Road Test
may be used. When a variation in climatic factors is to be
included, the weighted equation should be employed. This
equation is adapted for the sraa in question by
3. a regional factor estimated from the general
knowledge of the climatic conditions of the region,
or
4. seasonal weighting factors determined by deflec-
tion measurements in the area, or a regional factor
derived from these seasonal weigl fci] factors.
Although the fourth method is the most direct, it requires
several years of deflection measurements. Therefore, only
the first three methods were employed in this studs of Indi-
ana pavements to determine the number of 18-kip equivalent
axle applications, .7, for each section.
Indiana Serviceability Equations
The Indiana rigid, flexible, and overlay serviceability
equations were developed in this study so that the present
serviceability of highway pavements throughout . the state can
be predicted with known limits of precision. The Indiana
equations are based on the AASHC Road Test equations for Rho
and Beta, and linear modifications of the AASHO rigid and
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flexible P-equation.
In each of the three analyses, a regression equation
was determined relating the present serviceability predic-
ted by means of the AASHC P-equations and the actual present
serviceability rating of each section as determined by either
Holloway, Uakamura, or Yoder-Milhous . The regression equa-
tions are of the form}
Ind
1J
= PSR ij = A B 'ij
where:
P
Ind = the present serviceability of the Indiana
pavement section, i, predicted from knowledge of its
traffic loadings and pavement design, for the type of
pavement, j (rigid, flexible, or overlay);
PSR, . = Ihe estimated present serviceability rating
for the pavement, i, of type, j;
P.. = the present serviceability of the pavement, i,
predicted by using the AASHC I-equation for the pave-
ment type, j;
A< and E. are the constants determined in the regres-
sion analysis.
The values of A< and P, were first determined using a least-
squares r°'3;rassion analysis. The equations are:









Any regression equation for P , which is accepted mu3t
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meet the constraint that, whever Pj nd equals C2, W equals
Rho. This condition is necessary because Rho has been
defined as the number of axle applications which produces a
serviceability level of C2. This constraint is fulfilled by
the least-squares equation determined for the Indiana rigid
pavement sections, but not for the flexible and overlay sec-












The flexible and overlay regression equations for P- , whichJ xnd
were determined from the latter equations for A> and B, were
forced to fulfill the constraint that Pjnd = C2, if and only
If W equals Rho. The regression technique of bandor Popovics
was used to test the precision of these equations. (16;
The precision of the ri id equation was tested by the stan-
dard equations for correlation coefficient and standard
error of estimate for a least-squares regression analysis.
Ihe AASHO flexible P-equation (weighted and unweighted)
was used to predict the serviceability of both original and
resurfaced pavements. This same equation was used in the
overlay pavement analysis to oredict the serviceability of
bituminous resurfaced, rigid pavements. Composite pavements
were not included in this study.
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Derivation of Performance Equations
The average serviceability displayed by a pavement over
its service life was used as a practical measure of its per-
formance. Thia gauge of performance had been suggested by
W. N. Carey, Jr. and P. 5. Irick in their development of the
pavement serviceability-performance concept. (7) The average
serviceability was selected over other estimates of perfor-
mance, such as the slope of the serviceability- versu3-time
curve, the reciprocal of Beta, etc., because this measure is
easy to calculate and interpret, and it is in the same units
as the present services tility rating, PSR, and the present
serviceability index, Pol. The equations for average ser-
viceability or performance were obtained by integrating the
Indiana serviceability equations with respect to .'v. The
area under each curve was divided by the total number of
equivalent axle applications to obtain the average service-
ability for that pavement classification. The relationship!




becomes, after integrating and substituting;




Pa = the performance or average serviceability of
a given section oi pavement during its service life,
= the predicted serviceability as a function of fl
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and pavement design,
W = the cumulative number of equivalent 18-kip single
axle load applications,
Wi = = the initial value of V.',
Wt = the value of V,' when PTnd equals Pt,
Pt = the terminal level of serviceability,
A = the value of the appropriate Indiana service-
ability equation when ft equals V?l, and
^18 = the exponent of the appropriate Indiana service-
ability eouetion as a function of effective thickness
of the giv"n pavement.
The complete derivation of this equation is riven in Appendix
Development of Technique
A technique was devised for incorporating a measure of
over-ell performs ce into pavement design. A preliminary
step in this procedure was the development of the Indiana
serviceability equations and the performance equations.
A wide range of applicability was achieved by the
choice of variables which have a predictable effect en perfor-
mance and whicin reflect the data normally available to
designer, concerning the highway location and expected traffic
Calculability of both performance and cost was the basis for
the selection oi tne desi n parameters. The cost functions
chosen were these commonly in use.
For each pavement type, the rerformance was calculated
for twelve effective thicknesses and all reasonable choices
of terminal serviceability. Comprehensive tables of these
values were prepared. homographs were designed to eliminate
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the need for excessive computations.
An incremental perf ormance-to-ccst ratio was selected
as the simplest means of determining the optimal design of
those considered for the given highway location. Perfor-
mance and cost data are both in the form of average annual




The results of this research study extend the appli-
cability of equivalence traffic theory, the AASHC Road Test
F-equations, ana the AASHO Interim J-uides f or Design . (1, 2,
3, 4, 5, 18)
1. Equivalence traffic theory was extended by the
development of an approach for the estimation of the
number of equivalent axl9 applications a pavement
section has received when loadon^ ter data are not
available
.
2. Eauations were determined to predict the present
serviceability oJ nts in Indiana. These
equations are based on the ^AS C P-equati aveloped
at Ottawa, Illinol .
2. A ret. od was " ted for c; alto:'
pa\ in ter..s of both i since and
cost. This method extends the hAS uides
for Desj j; by including a wid< r rai • f tsrmin
'
;
: ;eabi it t J he
displtr ' •ftV9;^;-i f" throu ;hout its service
life.
The -i- - o qua t ions ar:j ' i ns of the number and wei
ns, iV. Therefore, if then- equi tj j re
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used to predict the present serviceability of a pavement
section, some means of estimating W must be available.
Axle Applications
The number of equivalent axle applications that each
section received prior to rating was estimated from the traf-
fic volume and an equivalence coefficient. The modification
of the number of axle applications by means of a regional
factor is discussed on page 80, in the section entitled "Flex-
ible and Overlay Pavements."
The equivalence coefficient was determined from weighted
equivalence factors which are based on equivalence traffic
theory and lobdometer data. Equivalence traffic theory con-
verts all loads to 18-kip single axle equivalent loads by
means of equivalence factors. Several references have stated
that the use of an 18-kip slngl" axle load as a standard is
purely arbitrary. (5, 8, 9) However, this choice has several
advantages
.
1. The greatest legal loads Ln Indiana and in most
states are 18-kip single and 32-kip tandem axle loads.
2. The destructive capability of a tandem axle is much
less than that of a single axle of the same weight. In
fact, an 18-kip single axle is approximately equivalent
to a 33-kip tandem axle on flexible pavements or to a
29-kip tandem axle on rigid pavements.
3. Only the very heavy axle loads have an appreciable
effect on pavement serviceability, because of the
logarithmic nature of the relationship between equiv-
alence factors and axle loads, as shown in Figure 1.
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AXLE LOAD, LI (LOG SCALE), KIPS
FIGURE I. GENERAL SHAPE OF EQUIVALENCE FACTOR
VERSUS AXLE LOAD
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4. As further illustrated In this figure, the spread
in equivalence factors due to the Influence of pave-
ment thickness and terminal serviceability is at a
minimum in the critical ranges of 15 to 18 kips for
single axles and 24 to 32 kips for tandem axl<=3. The
utilization of this minimum spread is especially
Important when equivalence factors are estimated on
the basis of axle load and type only.
The use of a standard at the high end of the scale Is
necessitated by the inherent error in equivalence traffic
theory Itself. An ecuivaler.ee factor is computed as the
ratio between the effects of two homogeneous traffic streams.
It Is a broad assumpt 'on that this ratio can be used to
predict the destructive effect of a heterogeneous traffic
streatr:. Hence to be on the safe side, the values of Rho,
Beta, and "v are bssed on the most significant elements of the
heterogeneous traffic stress, and the most significant equi-
valence factors are those near on--"-, where the error due to
mixed traffic should be the least.
The equivalence factors for various axle loads are listed
in the AA o .' X Interim duidea for Design for both single and
tandem axles, at terminal serviceabilities ox 2.0 and 2.5,
for effective thickn c sr c 3 of rigid <:& vements equal to 6, 7,
8, 0, 10, and 11 in., and for effective thicknesses of flex-
ible and overlay pavements equal to 1, 2, 3, 4, 5, and b In.
(1, 2) For the purpose of this investigation, equivalence
factors were also determined for axle loads from 2 to 43 kips
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for terminal serviceabilities of 1.5, 2,0, 2.5, 3.0, 3.5,
and 4.0, and for the same thicknesses as specified in the
AASHC Interim Guides for Design . A sample listing of these
equivalence factors is given in Tables 4 and 5.
Inspection of all the equivalence factors computed lad
to the conclusion that variations in the thickness and
terminal serviceability of the pavement had relatively little
effect on the equivalence values. For each pavement and axle
type, a linear regression analysis was run between equiva-
lence factors and axle load only. The results of this study
are shown in Table 6. The high correlation coefficients and
the low standard errors of estimate demonstrate that the
influence of terminal serviceability and effective thickness
can be neglected without any significant loss in precision.
Thus, for all practical purposes, equivalence factors are
simply functions of axle type and axle load.
Weighted Equivalence Factors
The use of equivalence factors permits the solution of
the Ah5 10 F-equations directly when the individual vehicle
axle weights are known. However, the axle-load distributions
ware not available for the sections included in this study.
Therefore, some means of estimating the effect of traffic
from known parameters was necessary for each study section.
To eliminate the need for obtaining the distribution of
vehicles by axle load for each pavement section, the weighted
61





Terminal Services bllity Level, Pt
1.5 2.0 2.5 3.0 3.5 4.0
7 0.0099 0.0104 0.0111 0.0119 0.0133 0.0160
9 0.009S 0.0100 0.01C1 0.0103 0.0105 0.0109
11 0.0099 0.0099 0.0100 0.C100 0.0100 0.0101





Terminal Services bility Level, Pt
1.5 2.0 2.5 3.0 3.5 4.0
7 0-3355 0.3462 0.3598 0.3762 0.4056 0.4572
9 0.3355 0.3376 0.3406 0.3442 0.3494 0.3355
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equivalence factor approach was devised in this pavement
performance evaluation. The weighted equivalence factor is
the average equivalence factor for the entire traffic stream.
The total number of equivalent 18-kip single axle applications,
V.', is approximated by the product of the weighted equivalence
factor and the total number of vehicle applications of all
types.
W = (WEF) (V)
W = (WEF)(ADT)(Y)(365 days/year)
where:
W = the cumulative number of equivalent 18-kip single
axle applications,
V/SF = the v.eightsd equivalence factor,
V = the actual number of vehicles,
kD'jl = the average daily traffic in one direction, and
Y = the number of years from the time of construction
of the section to the time the present serviceability
is to be estimated.
The weighted equivalence factor approach involves three
distinct phases:
1. Determination of the possibility of computing
from loadome ter data a single value which fulfills
the definition stated above.
2. Development of equations which estimate the uTEF
from truck count data.
3. Discovery of an adequate approximation of the
,ii'', called the equivalence coefficient, for the
highway type.
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Each of these results was achieved with the use of data from
the Indiana State Highway Commission loadometer stations.
The weighted equivalence factor is deiined as the
summation over all axles of the equivalence factor for each
axle, divided by the total traffic volume counted in a 24-hour
period. Because only a sample of the vehicles counted at a
loadometer station is weighed, the weighted equivalence factor
was determined in the following manner.
1. The equivalence factors for the trucks actually
weighed were first computed. The sum of these values,
divided by the number of trucks weighed, yielded the average
equivalence factor per weighed truck.
2. It was assumed that the average equivalence factor
could be applied to all of the trucks In the traffic stream.
Thus, the average factor was multiplied times the number of
trucks counted at the weigh station to give the total
equivalence factor for the traffic distribution.
3. The weighted equivalence factor was expressed
as a ratio of the total factor to the total traffic (all
vehicles). Therefore, the total number of equivalent 16-kip
axle loads could be determined by multiplying the weighted
equivalence factor times the ADT.
All axles, even truck steering axles, were considered
in the determination of the weighted equivalence factors.
Steering axles were ignored in the derivation of the AASHO
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F-equations at the Road Test, because the steering axles of
the test trucks had such a small effect on the behavior of
the AASHO test pavements compared to the rear axles that they
could be neglected with littl c loss in precision. However,
truck steering axles have such a great effect on the perfor-
mance of highways compared to car axles that they ware in-
cluded in this study of Indiana pavements.
Weighted equivalence factors were computed with the
traffic composition and weight data from the 22 loadometer
stations for each of the three years, 1963, 1964, and 1965.
For each distribution 48 separate ViTSF's were computed. The
sets of equivalence factors used to compute the weighted
equivalence factors were based on all combinations of
following variables: twc - of pavement, rigid and flex-
ible (overlay pavement is included in the flexible category);
six levels of terminal serviceability, 1*5, 2.0, 2.5, 3.0, 3.5,
and 4.0; and four effective thicknesses. The effective thick-
nesses for rigi' : pavements were 7, 9, 11 In. and an "sve
value, '^he arthmetic mean of the equivalence factors for 7,
3, 9, 10, 11, and 12 in. was selected as the equivalence
factor for the "average" value. The effective thicknesses
for flexible pavements were 2, 4, an ;. <J In. and an "avers
value based en EF's for 1, 2, 3, 4, 5, and 6 in.
From the evaluation of this 3ata, the following trends
were observed in the weighted equivalence factors.
1. There is < large amount of variation in the in/EF's
anion,' loadometer stations.
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2. For a given station, the amount of variation is
slight among the VVEP'a for the three years.
3. The weighted equivalence factor is higher for
rigid pavements than for flexible pavements, if the
terminal serviceability is less than 3.5; otherwise,
the reverse is true.
4. »»hen the serviceability is less than 3.5, for all
practical purposes the WEF is not dependent on thickness
and terminal serviceability.
R. H. Larson computed, as a prelude to his study of the ISHC
loadometer station data, the average axle weight for each of
12 truck types at the 20 stations operated in 1963. The
possibility of estimating the weighted equivalence factor
for each station by using these average axle weights was
investigated
.
'.he W3F calculated from :-- r load for each
truck type was considerably lower then the kVEF calculated
from the actual lead on each axle weighed at a given loadom-
eter station. This discr°pancy is explained by the logarith-
mic' manner in which equivalence factors vary with load. The
use of an -a\ axle wea ht for each truck type to calculati
l r r C5 facte ps ' - - b re sornrne m
&xa >i the 4£ ...-*. ' ted equivalence factors for
each traffic composition and weight distribution indicated
that the FEE determined from an average terminal service-'
ability level and an "average" thickness was & good estimate
of the entire sei of weighted equivalence factors for that
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distribution. The WEF'a ar^ presented in Table 7 for the
traffic composition and weight distributions determined from
the Indiana State Highway Commission loadometer station data.
.Equivalence Coefficients
The purpose of quantifying the weighted equivalence
factors was to find some means of characterizing the traffic
composition and weight distribution on each of the 160 pave-
ment study sections, because loadometer data were not avail-
able, as a second step in determining i> , a multiple linear
regression analysis was performed tc reveal the relationship
between the traffic parameters and the weighted equivalence
factors for the 61 traffic distributions.
Multiple unit trucks , all trucks, and trucks excluding
IS 2 truck types 11 sad 12, each of these measures expressed
as a percentage of the total daily traffic, corral-, ted well
with the WEr1 93 car. be seen from labia 7. Truck types 11
and 12, abbreviated to truck type 1 in the tables, are panels,
pickups, and other light trucks. The r;.or< j important results
of the regression analysis are summariz Cable ...
Indiana \'. ten tc tall into three separate classes
traffic weight distribution. The percenta on
highways of the same class are approximately constant. The
three classes of truck route are;
1. CI- ss I Truck Routes = all Interstate routes
ho- numbered routes connectin. ] n cente
2. Class II Truck Routes = all other- primary state
ri'8tle 7. Weighted Equivalence Factors, Y.'EF, for the
22 Loacotiieter Stations - 1963, 1964, 1965
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Sta tion Average Percent 'AEF WEF
& Dally True ks Percent Rigid Flexible &
Ye ar Trai'i ic Except
Type 1
Trucks Pavements Overlay
Fa v e iiie n t s
5 63 5900 39.6 44.1 0.39 ..28
64 5900 40.1 44.3 0.41 0.29
65 5700 38.1 42.6 0.39 0.28
14 63 9100 T C 7 37.2 0.31 . 22
64 1C000 34 .0 36.6 0.37 0.25
65 10300 34.7 38.7 0.54 ).23
! 63 3700 30.2 35 . 6 0.20 D.14
64 4 400 28.6 34.7 0.25 J.16
£! ZZ 43 ) . . 5c . 6 j . 24 J. 17






64 5800 25.8 51 . 3 .23 0.16
65 54. 24 . 52.4 3.18 0.12
42 63 .300 2o.4 51.1 _ -
64 93C .2 ? '" G : . 25 o.ie
65 9800 26.3 31.7 3.23 0.16
27 63 53C ^4.
7
29.6 . 21 0.15
6 4 5] i< 2 . 7 32.3 0.26 3.19
65 24.8 51.4 j . 18 j. 13
25 63 2700 22.7 31.3 J . 1 K. .
64 3500 24.3 J. li . .2
o5 3600 26.7 35 .8 0.13 ).ll
68 63 62 22.3 30.5 . 0.14
o4 1 v . 2 2£ . 4 0.12 3 . 10
u 6300 20.3 29 .4 j. 14 0.1c
12 63 3700 21.6 26.2 0.16 0.11
64 3700 21.2 2^ . y 3 . 16 0.12
65 4 030 18.8 23.9 ,.14 . 1
81 63 3000 on 27.2 0.14 0.11
64 3^00 23.5 30.8 0.18 0.14
65 3600 17.8 28.5 1.14 : . 1
15 63 11300 19.2 23.4 0.15 0.11
c4 12500 20.5 24 .6 .13 0.11




Ta t;ie cent 'd . )
Percent VvEr WEF
Station Average Trucks Percent Rigid Flexible &
& Daily Except Irucks ra varment s Overlay
Year Traffic . Type 1 Pe ven;ents
45B 63 5900 16.4 26.1 0.12 0.08
64 6100 15.3 22.8 0.07 0.05
05 u'J00 13.6 . 6 0.07 . 05
6 3 65 14500 16.2 20.2 0.13 0.09
o4 12700 11.0 16.3 0.07 0.09
o5 126 00 11.2 17.6 . 06 0.05
4 tu 8>1 16.2 . ] 0.07
64 jQ 19.6 26 .2 >.12 I. 09
65 16.7 : .a ...




fc 5 i . 'J • - -
6 8 - . J. 08 . .. L
64 • . 14.7 . . .6 H
65 lOOO 13.3 :". .4 i .05 0.04
D3 63 10 ICO 14.3 21.2 . 11 0.08
c4 10100 17.9 24 . 7 .13 0.09
o5 11700 16.0 1 ... 4 : .12 U » <-> ^
58B 63 18500 14 .6 20 .
4
0.11 : .08
64 19700 15.0 21.2 0.11 0.08
65 22400 14.4 21.3 0.11 0.




65 10900 16.1 19.2 C.07 . jo
r
>5 6 3 12000 10.4 Id. 3 0.10 0.07
64 12000 11.4 lb.
3
0.08 0.05
65 12900 11.9 20.6 0.08 0.06
29 63 _ _ - - -
64 4 300 16.6 21.3 i.05
'
0.04
65 4600 9.9 20.6 0.06 0.04
34 63 _ _ - - -
64 5700 3.0 10.7 0.01 0.01
65 4600 3 . ^ 12.0 . 0.01 0.01
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highways .
3. Class III Truck Routes = all secondary state
highws ys .
All highway in a given class have similar weighted equiva-
lence factors.
The third step in determining the number of equivalent
axlp applications for each study section was the development
of equival c nce coefficients for each class of truck route.
An equivalence coefficient, P, is the average of the weighted
equivalence factors for I iven class as determined
from both loadoi and truck count data. The F for each
type of pavement and ute If listed in Table
The equivalence cc , f , was used to determine
the number of - Licaticna '. icl each
5 dent was
.
... In the e
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'iable 9. Equivalence Coefficient, F, for the Three
Glasses of Truck routes








In the absence of loadomater or true]; count: data, the
equivalence coefficient Is the beat estimate of the weighted
equivalence factor. The equivalence coefficient is a
reliable and simple method for determining the number of 18-
kip equivalent axle applications "rot s pave; ent receive;
over a specified interval of time.
Indiana oe rvi cea bl 11
1
y .^qua 1 i ens
Three sets of equations for predicting the present
serviceability of highway pavements In Indiana were developed
with the AASHO rigid and flexible F-equatlons as a basis. One
set of equations is applicable for each type of pavement, that
is, rigid, flexible, and overlay.
Rigid Pavements
The AASHO rigid P-oquation was used to predict the
present serviceability of the 80 concrete pavement sections
included in this study. With no modifications, this equation
estimated the present serviceability of each of these sec-
tions within +1.6 of the actual ?SR at the 5-percent level
of significance.
A modified equation, termed the Indiana rigid service-
ability equation, was than determined from a regression
analysis performed between the predicted and actual present
serviceability values. This modified equation is:
PT . = 4.0 - 2.5 (1 / Pl8) 1SInd
where j
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P , = .the present serviceability for a given Indiana
rigid pavement as estimated by the number of axle
applications in mixed traffic.
W = the number of equivalent 13 -kip single axle
applications, and
p 18 and & 18 are the values of the AASHO equations for
Rho and Beta, respectively, when LI = 18.0 kips, L2 =
1.0, and D = the effective thickness of the section
under consideration.
Rhol3 and BetalS can be estimated from figures 11 and 12
in Appendix A. The number of equivalent axle applications is
estimated from an equivalence coefficient and the ADT of the
highway section.
The Indiana rigid serviceability equation estimated the
riresent serviceability of each of the study sections within
+1.1 of the actual P3R at the 5-percent level of signifi-
cance. The use of this equation rather than the KA3H0 equa-
tion reduced the standard error of estimate by 28.3 percent.
A comparison of the AASHO and Indiana equations is shown in
Table 10.
The need for the modification of the AASHO rigid P-
squation is due in part to the fact that the average initial
serviceability of Indiana rigid pavements is lower than the
average initial serviceability of the AASHO Road Test pave-
ment sections. The average initial serviceability of 17 new
rigid Indiana pavements tested by P. M. Holloway in 1955 was
4.1 with a standard deviation of 0.3. (10) A study of 13
new concrete pavements conducted in 1966 by the personnel of
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Canter determined a mean serviceability of 4.0 with a stan-
dard deviation of 0.2. These data substantiate the fact
that the average initial serviceability of new portland
cement concrete pavements in Indiana Is approximately 4.0.
No modification was deemed necessary to account for the
different soil types occuring as subgrades under the rigid
pavement sections because the performance of concrete pave-
ments is influence to only a slight degree by the subgrade
If a subbase is provided. (2, 4) In Indiana prior to the
mid-1940's, concrete pavements were constructed without
3ubbases and without air-entrained concrete. Ten pre-1945
pavements were included in this study. Six of these pave-
ments had an actual serviceability that was considerably
lower than the predicted value. Because all rigid pavements
now built In Indiana have both a subbase and air-entralnment,
the variation in subgrades and lack of air-antralnment does
not need to be considered in the rigid serviceability equa-
tion.
The Indiana rigid equation Is applicable for determin-
ing the present serviceability of portland cement concrete
pavements constructed in Indiana according to the Indiana
State Highway Commission Standard Specifications . Both
plain and reinforced pavements were studied. However, the
majority of the pavement sections included In this study
were reinforced. In the case of dual-lane highways, this
equation is to be used for the driving lane only, because
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this Is th© controlling lene for pavement design. All
serviceability ratings and roughometer measurements are made
In the right-hand lane.
Regression equations for I were alsc obtained by
Ind
assuming 4- end 8-percent annual growth rates of traffic.
These equations are the same as the equation chosen, shown
In Table 10, which is based on a traffic growth rate of 6-
percent per year.
Flexible and Overlay Pavements
Both the AASEC weighted and unweighted flexible F-
equations with the soil support factors obtained from this
study were used to predict the present serviceability of the
flexible and overlay study sections. The AASL'C weighted
equation was developed at the Road Test by weighting the data
used to compute Rho and Beta for the unweighted equation by
a seasonal weighting factor. These equations predicted the
present serviceability of each of the flexible and overlay
pavements considered in this study within +2.0 of the actual
present serviceability at the 5-percent level. of significance.
The Indiana flexible and overlay serviceability equa-
tions were obtained from a regression analysis between the
serviceability predicted by the AASHC flexible F-equations
and the present serviceability determined by a 30 -member
rating panel. The weighted serviceability equations which
were determined for conditions in Indiana are as follows:
78
flexible pavements,








= the present serviceability for a given Indiana
flexible or overlay pavement as estimated by the number
of axle applications in mixed traffic.
W = the number of equivalent 18 -kip single axle appli-
cations, and
Pl8 and ^lS = the values of the AASHC weighted equations
for Rho and beta, respectively, when LI = 18.0 kips, L2
= 1.0, and SN = the effective thickness of the section
under consideration as modified by the soil support
factor, S, determined from the soil parent material map.
RholS and Eetal8 can be estimated from Figures 13 end 14 in
Appendix A.
The weighted flexible and overlay serviceability equa-
tions predicted the present serviceability of the study
sections within +1*1 and +1.6, respectively, of the actual
P&R at the 5-percent level of significance. A comparision
between the AASHO flexible P-equations and the Indiana flex-
ible and overlay serviceability equations is given in
Table 11.
The regression analysis yielded the same Indiana
serviceability equations whether the weighted or the un-
weighted values for RholG and Betaie were used. This
similarity occurs because the present serviceability ratings
of very few of the flexible and overlay study sections were
79





2 S3 r2 r
AASHO flexible P-iquation
F = 4.2 - 2.7 (W / P)^
Road Test Data
Weighted Equation 0.22 0.47 0.70 0.84*
Unweighted Squation 0.29 0.54 0.48 0.69*
Indiana Data
0.22#Weighted Equation 0.79 0.89 0.05
Unweighted Equation 0.80 0.89 0.06 . 25*
Indiana Flexible Serviceability
Equation,
Plnd = 3 ' 5 ~ 2 '° (W /? ^
Indiana Data
Weighted Equation 0.27 0.5 2 0.13 . 36*
Unweighted Equation 0.27 . 52 . 16 0.40*
Indiana Overlay Serviceability
Equation,
pInd = 4.0 - 2.5 V W / e )**
Indiana Data
Weighted Equation 3.55 0.74 0.07 . 26#
Unweighted Equation 0.55 0.74 0.08
i
0.29#
Significant at the 5 percent level.
* Significant at the 10 percent level.
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below 2.0. It Is believed that over the full range of service-
ability levels, the weighted equations are more precise for
Indiana conditions. However, the use of a regional factor of
1.2 with the weighted equations did not increase the corre-
lation coefficient significantly at the 5 percent level.
The weighted and unweighted equations for BetalB give
approximately the same values as long as the Sft is greater
than 2.5, as shown in Table 12. However, the weighted values
of RholS given in the same table are approximately half the
unweighted values. As a result, the weighted Indiana flex-
ible and overlay serviceability equations predict the service-
ability for a given pavement section one- or two-tenths lower
than the unweighted Indiana equations do. This difference
increases as W approaches RholS.
The Indiana flexible and overlay serviceability equa-
tions are applicable only to shoulder lanes of highways
built according to the Indiana State Hi ghwa y Commission
Standard Specifications . Neither these equations nor the
AASHO P-equations are valid for bituminous pavements having
effective thioknesses which are less than 1.5 in.
This restriction applies to pavements of the ISHC type
4231. All sections of the flexible and overlay classifica-
tions wer^ eliminated from this investigation if their •
effective thicknesses were less than 1.5 in.
There are two reasons why these equations can not be
used to determine the present serviceability of a pavement
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reason is that equivalence traffic theory does not give
accurate results for low effective thicknesses. (18)
Secondly, the strength coefficients available from the
AASHO Road Test are the average values for all the flexible
sections. These values do not apply to thin pavements
carrying light traffic. (4)
The effective thickness of each pavement study section
was computed from the Road Test strength coefficients for
its construction materials. The strength coefficients for
the pavement types included in this analysis are given in
Table 17 on pagelC5. These coefficients strictly apply
only when the weighted AASHO flexible equation is employed.
For the unweighted equations, the strength coefficients
for the surface end the subbase are approximately 90 percent
of the values listed in Table 17. The coefficients for the
base course are the same for both equations. These variations
in coefficient values have only a slight influence on the
effective thickness of a sriv^n pavement. Therefore, the
weighted strength coefficients were used to determine effec-
tive thicknesses for use with both the weighted and un-
weighted serviceability equations.
Regression equations for Pin <j were also obtained in both
the flexible and overlay analyses by assuming 4- and 8-
percent annual growth rates of traffic. These equations are
the same as the equations shown in Table 11, which are based
on a traffic growth of 6 percent per year.
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An attempt Wb8 made to use the AASKO flexible P-equations
with no modification to effective thickness for subgrade
soil support. Analyses were also performed using constant
soil support values of 4.5 and 4.8 for all sections. The
lack of correlation and high standard errors of estimate
demonstrate that the relative subgrade support for each
section must be included as a variable in the Indiana equa-
t i ons
•
AASHO Soil Support Scale . Soil variability was not
included in the factorial analysis at the AASHO Road Test.
Rather, the objectives of the Road Test required:
that the test pavements be built on a uniform
embankment with the top 3 ft constructed of a
soil meeting the AASKO A-6 Classification and
having a Group Index of 9 to 13, inclusive.
Borings made in three areas near the project
revealed that sufficient quantities of suitable
soil were available to meet the requirement. (3)
The AAbHO P-equations are strictly applicable only to
pavements built on subgrade soils having similar character-
istics to the soil type under the test pavements at the
Road Test.
In order to extend the applicability of their Design
Charts 400-1 and 400-2 (nomographs whose general shape is
shown in Figure 2), the AASHO Committee on Design developed
a soil support scale modifying the AASHO flexible P-equation
to account for the effects of subgrades of different strength
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HRB Special Report 73 how they arrived at the soil support
scale j
Only Dne point is obtained on the soil support
scale in plotting the design charts. It repre-
sents the support value of the roadbed soils used
on the Road Test and has been given a value of
3.0. A second point on the scale was established
by studying the performance of sections on Loop 4
that had the greatest thickness of crushed stone
base course. It was assumed that the influence of
the roadbed soils would be minimized, and txiat tae
base course would, to a larg9 degree, determine the
performance of the section. The studies indicate
that about 4.5 in. of asphaltic plant mix surfacing
on a soil having the support characteristics of
the crushed stone would carry approximately 7,300,000
single-axle load applications to a terminal service-
ability index of P.O. Accordingly, a second point
on the soils support scale is established by pro-
jecting a line from 1.98 (4.5 x 0.44)* on the
center SN-scale through 1,000 (7,500,000 / 20 x
365)'"'"' on the 13 kip load scale to an intersec-
tion with the soil support scale. This new point
has been given a value of 10.0. A linear scale
between 3.0 and 10.0 has been assumed and is ex-
tended to zero. (5)
The necessity of including a soil support factor in the
study of flexible pavement performance is obvious. However,
the AASHO Design Committee failed to point out the assump-
tions that were necessary to arrive at their soil support
sea le .
First, the flexible sections of Loop 4 consisted of
3, 4, and 5 in. of asphaltic plantmix surfacing on 0, 3, and
6 in. of crashed stone base, placed on 4, 8, and 12 in. of
sand travel subbase. The 4.5 in. of surface assumed in
SK = (A1)(D1), where Al = 0.44, and Dl 4.5 in.
1,000 eouivalent 13-kip single axle applJcat ions/day =
(7,300,000 applications) / (20 years x 365 days/year).
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determining the AASHO soil support scale is an interpolation.
Secondly, the maximum number of axle load applications
that any section in the test received was 1,114,000. There-
fore the 7,300,000 axle load applications to a terminal
serviceability of 2.0 is a gross extrapolation.
Furthermore, although the AASKO Design Committee did not
elaborate on the "study of the performance of Loop 4," it
is the opinion of this researcher that their analysis was
similar to the one that follows. Lane 1 of Loop 4 was used
because the test traffic consisted of 18-kip single axle
vehicles, and therefore the use of equivalence factors was
unnecessary. At the conclusion of the test, the three
sections in Lane 1 of Loop 4 having the greatest thickness
of base, 6 in., and subbase, 12 in., still had a service-
ability greater than 1.5. The design of these sections
and their serviceabilities at the beginning and end of the
test are given in Table 13.
The serviceability trends for these three sections can
be plotted from the 6 points (Vv,F) t:iven in the table. The
log of serviceability, F, plotted against the log of axle
applications, '.V, yields a straight line. (5) This graph is
reproduced in Figure 3.
The number of axle applications necessary to reach a
P of 2.0 was probably determined from a similar graph by
the AASHO Committee on Design in their analysis. For the
3-in. surface, test section 621, W is 47,000; for the 4-in.
surface, test section 593, W is 500,000; while for the
87
Table 13. The Characteristics of the Non-Failing Sections
of Loop 4 at the AASKC Road Test
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5-In. surface, teat section 581, W Is over 6 x 10"1-9 when
F = 2.0. The serviceability trend is interpolated on the
graph for a pavement section of similar characteristics,
but having 4.5 in. of surface. The 4. 5 -in. trend intersects
the terminal serviceability level of 2.0 at 7,300,000 10-kip
axle load applications. The soil support scale was established
from this point.
However, it would appear that the reasoning used to
determine the soil support scale would remain just as valid
if the number of axle applications associated with either
the 4- or 5-ln. surface were used. If the 4-in. design
were used, the second point on the scale would be established
by projecting a line from 1.76 (SN = 0.44 x 4.0) on the
center SN-scale through 63.5 (applications/day = 500,000 /
(•rj x 365)) on the lc-kip load scale to an intersection with
the soil support scale. If this were done, a scale of
approximately three-quarters of the heirht of the present
soil support scale would result. If a similar procedure
were undertaken with the 5- in. desijn, a scale of about
5 tijies the siz^ of the scale established would be necessary.
Unless the AA3H0 Committee had some other information, it
appears that the us* of the 4.5-In. interpolation not only
was arbitrary, but that it influenced immensely the soil
support scale that was established.
It is further stated by the AASHO Design Committee in
HRB 6pecial Report 73:
o
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The reasonableness of the soil support scale has
been established by correlation with a number of
other design procedures used in the United States.
It has been found that the correlation varies with
the soils teat procedure used and the manner in
which the test is run. Particularly important is
the compaction procedure used in preparing the
test specimens. Further research" in" the satellite
test program will be required to establish fully
the validity of the soils support scale. Typical
correlation curves between commonly used soils
test procedures and the soil support value are
given. (5)
These correlations have been obtained by testing samples of
the crushed stone base and the subgrade soil and comparing
these results to the soil support values which have been
arbitrarily assigned: 10.0 for the base and 5.0 for the
subgrade. As far as this researcher can determine this was
the entire correlation procedure. A suitable scale
(logarithmic or arithmetic) was assumed for the intermediate
values, depending on the test procedure being correlated.
Although the reasonableness of the soil support scale
may have been established, the degree of its accuracy is
still open to question. unfortunately, the fact remains
that the subgrade influences the performance of flexible
pavements
.
The use of U.S. Department of Agriculture County Soil
Surveys as a means of estimating the value of the subgrade
soil support for each section was investigated. This method
was unsuccessful because of the nature of the data provided
in these surveys and the limitations of the AASEO soil
support correlation.
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furthermore, the large number of different soil series,
typically from 10 to 30 or more, under each section made this
method tedious and unprofitable. Its use was discontinued
after the soil support values had been estimated for 24
percent of the sections for which soil surveys were available
The values that were obtained Indicate that a typical soil
support value for Indiana is 4.3.
The Soil Rating Panel was finally selected as the most
practical means of estimating the relative support provided
by the subgrade of a pavement section. Ratings were obtained
on a scale from 0.0 to 10.0 for each of the 18 major soil
units considered. These ratings and various statistics are
presented in Tables 14 and 15. The following trends may be
noted
.
1. Each of the panelists used almost the entire rating
scale .
2. Although the first panelist was consistently above
the median rating for a given soil type and the third
panelist was consistently below the median, the other
four member* of the panel tended to vary randomly above
and below the median rating.
3. The ratings for a given soil unit do vary. However,
the median, mean, and mode are approximately the same
number.
The mean panel rating was taken as the best estimate of the
relative performance of a given soil type.
Because the panelists made their ratings independently
Table 14. Estimated Performance of Flexible Pavements
3uilt on the Major Soil Units in Indiana
92
! Rater
Major Soil Unit 1 2 3 4 5 6
1 Porous Substrata (Sands and
Gravels) 10.0 9.5 5.5 8.5 8.5 9.0
2a Water-Laid Sands (Except
Kankakee
)
9.0 7.0 4.5 8.0 7.8 8.0
2b Kankakee Sands 10.0 4.0 3.5 5.0 7.5 7.0
3 Lakebeds 3.0 3.0 3.5 2.5 4.0 2.0
4 Recent Alluvium 9.5 4.0 3.5 0.1 3.0 4.0
Young Drift Till Plains
(Sllty-Clays) 7.0 5.0 4.5 4.0 4.7 3.0
6 Moral nes 6.0 4.0 5.5 6.0 3.5 4.0
7 Ice-Laid Sand, Gravel, & Till 6.0 7.0 5.5 7.5 7.0 7.0
8 Eskers 10.0 9.5 7.5 9.0 8.4 6.0
9 Old ^rift Silts and Silty-Clay 5.9 5.0 3.5 3.5 5.5 6.0
10 Wind-Deposited Send 9.0 7.0 4.5 7.5 7.2 7.0
11 Loess - Silt 8.0 4.0 3.5 *J • u 6.3 6.0
12 Limestone 6.0 3.0 4.5 5.0 5.8 6.0
13 Interbedded Limestone & Shale 6.0 4.0 3.5 4.5 4.9 3.0
14 Limestone, Sandstone, & Shale 6.0 6.0 3.5 4.5 5.1 5.0
15 Sandstone and Some Shale 7.0 5.0 4.5 6.0 6.0 6.0
16 Interbedded Shale & Sandstone 6.0 4.0 2.5 4.0 5.3 5.0
17 Muck, Peat, and Mucky Soils 0.5 0.0 0.5 0.5 0.0 0.0
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of the AASHO flexible P-equation, It was necessary to
correlate the mean panel rating for a given major soil type
with the AASHC equation. The correlation was done in two
parts. First, a functional relationship was determined on
the basis of selected pavement sections. Secondly, the soil
support factors obtained from this relationship were used
with the aASHO flexible P-equation to predict the present
serviceability of all the study sections, and the results
were checked statistically.
In the first part of the correlation procedure, each
study section was located on the JHFiP map to determine whether
it was built on a subgrade restricted to just one major soil
unit. There were 37 sections built on a total of 8 different
units which met this condition.
The expected subgrade soil support values necessary to
modify the respective effective thicknesses so these 37 pave-
ments would behave in the manner they did were determined
from the AASIIO flexible P-aquation. Ihe PSR of each section
in turn was substituted for ?, and the equation was solved by
a trial and error procedure for the modified effective thick-
ness. From the modified effective thickness, the soil sup-
port factor was calculated by using the equation for SNrnod
which conforms to the design nomographs. (1)
By a numerical technique using the expected soil support
values of the 8 major soil units, an equation was found
relating the mean panel rating for a given soil unit with the
soil support modification to the effective thickness used
95
with the AASHO p-equation. This relationship isj
S = 5.0 + 0.5 (R - 5.0)
where j
S = the soil support factor for a given Indiana major
soil unit, and
R" = the mean relative performance rating for the same
major soil unit.
Using this relationship, the soil support factors for all 18
major soil units were determined.
In the second part of the correlation, the weighted av-
erage soil support factor for the subgrade under each study
section was calculated. The validity of these soil support
factors for the major soil types was checked in the regres-
sion analyses for the flexible and overlay pavement sections.
The use of these' soil support factors instead of a constant
value of either 3.0, 4.5, or 4.8 raised the correlation
coefficient, r, from to 0.36 and from to 0.26 for the
weighted Indiana fl9xible and overlay serviceability equations,
respectively.
The Indiana serviceability equations for flexible and
overlay pavements can not be divorced. from the soil support
factors used in the determination of these equations. These
factors, which range from 2.5 to 7.5, are Independent of the
AASHO soil support scale and of the correlation of this scale
with other test procedures. These factors are, however,
designed for use with the nomograph given in Figure 7 of this
report, and with the Design Charts 400-1 and 400-2 of the
AASHO Interim Guide for Design of Flexible Pavement Structures .
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Predicted Performance
When the performance of a particular pavement with
known or estimated traffic volume and composition is
quantified by means of the Indiana serviceability equations,
the result is a series of values. When it is desirable to
represent the entire series by a single value, the perform-
ance equation is used. This measure of performance, Pa,
especially in conjunction with the length of service life,
Y, and the terminal serviceability, Pt, gives an accurate
picture of the performance of a pavement throughout its
life. The performance equation is:




Pa = the performance or average serviceability of a
given section of pavement during its service life,
Pt «= the terminal level of serviceability,
^lS = the exponent of the appropriate Indiana service-
ability equation as a function of the effective
thickness of the given pavement (estimated from Figures
12 and 14 in Appendix A) , and
A = the value of the appropriate Indiana serviceability
equation when W ?= 0. A equals 4.0, 3.5, and 4.0 for
rigid, flexible, and overlay pavements, respectively.
The value of Pa was calculated for rigid, flexible, and
overlay pavements of various effective thicknesses at several
terminal levels of serviceability. The results are listed
in Tables 19, 20, and 21 on page 111
The limit of Pa as EetalS approaches 1.0 equals the
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linear average of the terminal and initial serviceabilities,
i.e.:






BetalS is approximately 1.0 for effective thickness, D,
greater than 10.0 inches for rigid pavements, and for SK
between '6,0 and 4.0 for flexible and overlay pavements.
r'or a given pavement with its traffic, performance
can only be increased by raising the terminal serviceability
level, which is accomplished by shortening the number of
years, Y, that the pavement remains in service before being
resurfaced. A thinner pavement provides slightly higher
performance than a thicker pavement if both have the same
terminal level of serviceability. However, the increase
in performance is offset by the fact that the thinner
pavement reaches this serviceability level much sooner than
the thicker design. Although it may seem unusual that
the performance displayed by a pavement decreases as the
design is improved, the necessity of this result is shown
in Appendix D. Nevertheless, a pavement with a greater
effective thickness will perform better than a thinner one
if both are subjected to the same traffic for the same
length of time.
By judicious choice of terminal serviceability and
pavement design in accordance with the anticipated amount
of traffic, the proper balance between performance and cost
can be achieved.
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A METHOD FOR COMPARISON OP ALTEFJKATE PAVEMENT DESIGNS
This section presents the possible method originated in
this study for comparing various pavement designs for any
Indiana State Highway. The comparison permits the selection
of the pavement design displaying the greatest amount of
performance for the least cost. The method is based upon the
performance equations and the three Indiana serviceability
equations for rigid, flexible, and overlay pavements, respec-
tively. These equations, which were developed in this study,
are given in the results section of this report.
This technique can be used to compare any set of pave-
ment designs under consideration, providing the following
data are determined or estimated for the highway section.
1. The anticipated number of equivalent 18-kip
single axle loads per day,
2. The lowest acceptable level of terminal ser-
viceability of the pavement,
3. The effective thickness of each design in the
set, and
4. The cost associated with each design in the set.
A work sheet is provided in Appendix D for convenience in
recording the data and following this method.
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Data Needed
The following traffic and cost data should be assembled
for each set of designs to be compared. The required
information should be recorded on a work sheet.
Applications Per Day
The anticipated number of 13-kip single axle applica-
tions per day, W/day, is required. The simplest method of
estimating W/day is from the average daily traffic and the
truck route class of the highway, with the use of the
nomograph given in Figure 4. (ADT is for one direction only.)
The W/day is determined by connecting the value of the
initial anticipated average daily traffic, ADTi, and the
truck route class (Glass I, II, or III) on the scale for the
type of pavement (rigid, flexible, or overlay). This line
is projected to the right-hand scale of the nomograph, from
which W/day is read. Class I truck routes are Interstate
I.outes and those U.S. -numbered highways which connect major
population centers, Class II includes all other primary state
highways, and Class III contains all secondary state highways.
If a measure of the anticipated traffic distribution
of the highway is available from either loadomster records
or truck counts, the weighted equivalence factor may be
calculated directly using equivalence factors, or estimated
by any of the equations in Table 8. W/day is obtained by
multiplying ADTi by this weighted equivalence factor. How-














































FIGURE 4. NOMOGRAPH FOR DETERMINING THE NUMBER
OF 18 - KIP SINGLE AXLE APPLICATIONS
PER DAY, W/DAY
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is slight compared to the uncertainties in estimating the
ADT over the life of the pavement. Therefore the use of
the nomograph is recommended.
Terminal Serviceability
The present serviceability of a highway section at the
time the pavement needs to be resurfaced is termed the
terminal serviceability, Pt, of the pavement. If there is
no other means of imputing the lowest acceptable level of
terminal serviceability for the highway, Table 16 may serve
as a guide. In most cases the traffic will begin to slow
down because of rough pavement if the present serviceability
is less than 2.0 . (4)
However, not only the lowest acceptable level of ter-
minal serviceability should be used in choosing the optimum
design, but higher levels of terminal serviceability should
also be considered, because a large increase in the perfor-
mance of the pavement section may be possible with only a
small increase in cost. In fact, considering that the annual
maintenance cost of a pavement increases with the age of the
pavement, it is possible that, if the pavement is retired
earlier, the annual cost may actually be reduced.
Effective Thickness
Flexible, overlay, and rigid pavements having a wide
range of effective thicknesses should be compared, because a
large increase In service life can- sometimes be achieved
with a small increase (1 or 2 in.) in effective thickness.
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AASHO Interiffi Pavement Design
Guides (1, 2) 2.5 2.0
Nakarnura (15)
Acceptable Level £2.5 2*2.0
Unacceptable Level £2.0 £1.5
3?R Study of Highway Practice




">*" Based on flexible secondary highways only.
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On the other hand, a thinner pavement, although replaced
sooner, may be less expensive under light traffic conditions
because of the lower construction cost to be amortized over
the life of the pavement.
For flexible and overlay pavements, a lower cost may be
realized by judiciously varying the thicknesses and materials
of construction of the component layers. The choice is depen-
dent upon the relative cost and the strength coefficients of
the various materials.
The effective thickness of a proposed concrete design
equals the thickness of the concrete slab, whenever a base
of 3 to 9 in. is used. If the base is eliminated, the
effect of the subgrade soil has to be considered in the
determination of the effective thickness.
With flexible and overlay designs, the effective thick-
ness or structural number, SK, of the pavement is computed
by summing the products of the thickness, Di, and the appro-
priate strength coefficient, Ai, of each component layer.
SK T (Ai) (Di)
The nomograph, Figure 5, can be used to determine the
individual products of Al times Di
.
The strength coefficients for the flexible and overlay
pavement types which were included in this study are listed
in Table 17. Strength coefficients for other materials are
given in the section entitled "Effective Thickness of a
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The effective thickness of flexible and overlay pave-
ments is modified by the strength of the subgrade as
measured by the soil support factor, S. The soil support
factor is determined by using the map entitled "Engineering
Soil Parent Late rial Areas of Indiana, JHRP, 1950." a copy
of this map is reproduced as Figure 6. The soil support
factors are given in Table 10 for the soil units shown on
the map.
These soil support factors are independent of the
AASHO soil support values. These factors were obtained by
a correlation between the mesn performance ratings of a
panel of soil experts and the serviceability of pavements
built on some of these soils.
The effective thickness, SNmod, of the entire pavement
system including the subgrade is determined by using Figure 7.
a line is drawn between the structural number, SK, as computed
above and the soil support factor, S, determined after locat-
ing the highway section on the JHRP map. The point "I" of
intersection of this constructed line and the Pivot Line on
the figure is marked. A second line is then drawn from
the point S equals 3.0, through the point "I" to the SN
scale. The effective thickness of the entire pavement struc-
ture, Sllmod, is then read from the intersection of the second
line with the right hand seals. If a computer is used, the
equation for SNmod given in the "Procedure" can be used
instead of Figure 7.
FIGURE 6. MAP FOR DETERMINING MAJOR SOIL
UNITS
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(5) Young Drift Till Plains
(Silty-Clays) 4.9
(6) More ines 4.9
(V) Areas of Sand, Gravel, and Till 5 . 9
(8) Eskers 6.7




(10) Send: Some V«ater-Deposited Sand
Areas Include Windblown Sands 6.0
(11) Loess - Silt 5.3
Residual
(12) Limestone 5.1
(13) Interbedded Limestone and Shale 4.7
(14) Limestone, Sandstone, and Shale 5 .0
(15) Sandstone and Some Shale 5.4
(16) Interbedded bhale and Sandstone 4 .8


























FIGURE 7. SOIL SUPPORT MODIFICATION TO EFFECTIVE
THICKNESS FOR FLEXIBLE AND OVERLAY
PAVEMENTS SOURCE -REF. (5)
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The possibility of stage construction should not be
overlooked. The performance of stage designs is computed
in separate steps: once for the original pavement, and again
for the pavement after each bituminous resurfacing. The
effective thickness is computed and used separately for each
step. If the original pavement is rigid, the overlay tables
are used in subsequent steps. .'.hen the original pavement is
bituminous pavement, the flexible tables are used for all
the steps.
In the performance -cost analysis, the service life of
the pavement is considered to be the total design life of
all the stages, and the performance is the weighted average
performance of all the steps. The weighting is done either
by years or by the traffic volumes.
Cost Data
Although any method of computation which results in
the total cost per year for esch design may be used, a
simple method is suggested here. The data needed are the
total construction coat of the pavements and the mainten-
ance cost3 for each year.
Technl qu e
The total number, .< , of equivalent 18-kip single axle
load applications which will produce the level of terminal
serviceability being considered is read from dither Table 19,
20, or 21 for each design. The expected life in years for
Ill
Table 19. Performance and Total Number of Axle Applications
for Rigid Highway Pavements in Indiana
D Pt Pa W D Pt Fa W
6.5 1.50 3.1 2.37 E6* 8.0 1.50 2.8 9.03 E6
1.75 3.2 2.22 E6 1.75 3.0 8.23 E6
2.00 3.2 2.06 E6 2.00 3.1 7.42 E6
2.25 3.3 1.90 26 2.25 3.2 6.60 E6
2.50 3.4 1.73 E6 2.50 3.3 5.76 E6
2.75 3.5 1.55 E6 2.75 3.4 4.91 E6
3.00 3.6 1.35 E6 3.00 3.6 4.03 E6
3.25 3.7 1.14 E6 3.25 3.7 3.13 E6
3.50 3.8 8.87 E5 3.50 3.8 2.19 E6
%J m 1 %J 3.9 5.61 E5 3.75 3.9 1.19 £6
7.0 1.50 3.0 3.30 E6 8.5 1.50 2.8 1.34 E7
1.75 3.1 3.52 E6 1.75 2.9 1.22 E7
2.00 3.2 3.23 E6 2 . 00 3.0 1.09 E7
2.25 3.3 2.93 E6 2.25 3.2 9.68 E6
2.50 3.4 2.62 E6 2.50 3.3 6.40 E6
2.75 3.5 2.29 E6 2.75 3.4 7.10 E6
3.00 3.6 1.95 E6 3.00 1 e; 5.78 E6
3.25 3.7 1.58 E6 T. OK 3.6 4.44 £6
3.50 3.8 1.17 E6 3.50 3.8 3.06 E6
J i]fK 3.9 7.09 E5 3.75 3.9 1.62 S6
7 .5 1.50 2.9 5.93 E6 9.0 1.50 2.8 1.96 E7
1.75 3.0 5.44 £6 1.75 2.9 1.77 E7
2.00 3.1 4.94 E6 2.00 3.0 1.59 E7
2.25 3.2 4.43 E6 2.25 3.2 1.40 £7
2.50 3.3 3.91 E6 2.50 3.3 1.21 E7
2.75 3.4 3.37' £6 2.75 3.4 1.02 E7
3.00 3.6 2.80 E6 3.00 3.5 8.23 E6
3.25 3.7 2.22 £6 3.25 3.6 6.27 E6
3.50 T P 1.59 E6 3.50 3.8 4.27 E6
3.75 3.9 9.02 £5
——— .
3.75 3.9 2.21 E6
2.37 E6 = 2.37 x 106
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Table 19 (cont'd.) (Rigid)
D Pt Pa W D Pt Pa W
9.5 1.50 2.8 2.80 E7 11.0 1.50 2.8 7.48 E7
1.75 2.9 2.53 E7 1.75 2.9 6.74 E7
2.00 3.0 2.26 E7 2.00 3.0 6.00 E7
2.25 3.1 1.99 E7 2.25 3.1 5.26 E7
2.50 3.3 1.71 E7 2.50 * i
,
4.52 E7
2.75 3.4 1.44 E7 2.75 3.4 3.77 E7
3.00 3.5 1.16 E7 3.00 3.5 3.03 E7
3.25 3.6 8.79 E6 3.25 3.6 2.28 E7
3. DO 5.6 5.94 £6 3.50 3.C 1.53 E7
3.75 3.9 3.05 E6 3.75 3.9 7.69 E6
10.0 1.50 2.8 3.95 E7 11.5 1.50 2.8 1.01 E8
1.75 2.9 3.56 E7 1.75 2,g 9.10 E7
2 . 00 3.0 3.18 E7 2.00 3.0 6.10 E7
2.25 3.1 2.79 E7 2.25 3.1 7.09 E7
2.50 3.3 2.40 E7 2.50 3.3 6.09 E7
2.75 3.4 2.01 E7 2.75 3.4 5.08 E7
3.00 3.5 1.62 E7 3.00 3.5 4.07 E7
3.25 3.6 1.22 E7 3.25 3.6 3.06 E7
3.50 3.8 6.21 E6 3.50 3.8 2.05 E7
3.75 3 . 9 4 . 18 E6 3.75 3.9 1.03 E7
10.5 1.50 2.8 5.47 E7 12.0 1.50 2.8 1.35 E8
1.75 c o 4.98 E7 1.75 2.9 1.21 E8
2.00 3.0 4 .40 E7 2.00 3.0 1.08 E8
2 . 25 3.1 3.85 E7 2.25 3.1 9.46 E7
2.50 3.3 3.31 E7 2.50 3.3 I .11 E7
2.75 3.4 2.27 E7 2.75 3.4 6.77 E7
3.00 2.22 E7 3 . 00 CI • \j 5.92 E7
3.25 3.6 1.68 E7 3.25 3.6 4.07 E7
3.50 3.8 1.12 E7 3.50 3.8 2.72 S7





Table 20. Performance and Total Number of Axle Applications
for Flexible Highway Pavements In Indiana
SN Ft Pa W
— «
Pt Pa W
2.0 1.50 3.1 1.86 E4* 3.5 1.50 2.4 8.30 E5
1.75 3.2 1.80 E4 1.75 2.6 7.08 E5
2.00 3.2 1.74 E4 2.00 2.7 5.90 E5
2.25 3.3 1.66 E4 2.25 2.8 4.76 E5
2.50 *y • %J 1.57 E4 2.50 3.0 3.65 E5
2.75 3.4 1.46 E4 2.75 3.1 2.60 E5
3.00 3.4 1.32 E4 3.00 3.2 1.61 E5
5.25 3.5 1.12 E4 3.25 3.4 7.09 E4
2.5 1.50 2.8 7.89 E4 4.0 1.50 2.3 2.22 E6
1.75 2.9 7.3* E4 1.75 2.4 1.82 E6
2.00 3.0 6.08 £4 2.00 2.6 1.44 E6
2.25 3.1 6.27 E4 2.25 2.8 1.09 E6
2.50 3.2 £.62 E4 2.50 2.9 7.75 S5
2.75 3.3 4.88 E4 2.75 3.1 5.01 E5
3.00 3.3 4.00 E4 3.00 3.2 2.27 E5
3.25 3.4 2.85 E4 3.4 9.42 E4
3.0 1.50 2.6 2.75 E5 4.5 1.50 2.2 5.43 E6
1.75 2.7 2.47 E5 1.75 2.4 4.27 E6
r.oo 2.8 2.18 E5 2.00 2.5 3.24 S6
°
.
°5 2.9 1.87 E5 2.25 2.7 2.33 E6
3 • 1 1.56 E5 2.50 2.9 1.56 E6
2.75 3.2 1.23 E5 2.75 3.0 9.33 E5
3.00 3.3 6.85 E4 3.00 3.2 4.51 E5
1
3 . 25 3.4 5.01 E4
t . —
—
5.25 3.3 1.30 E5
1.86 E4 = 1.86 x 10
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Table 20 (cont'd.) (Flexible)
SN Pt Pa W SK Pt Pa W
5.0 1.50 2.2 1.23 E7 6.5 1.50 2.1 9.89 E7
1.75 2.3 9. 33 E6 1.75 2 .
3
7.26 S7
2.00 C • U 6.89 E6 2.00 2.5 5.08 S7
2.25 2.7 4.79 S6 2.25 2.6 3.33 S7
2.50 2.8 3.06 £6 2.50 2.8 1.98 E7
2.75 3.0 1.72 S6 2.75 3.0 1.02 S7
3.00 3.2 7.66 E5 3.00 3.2 3.98 36
3.25 3.3 1 . 92 E5 3.25 3.3 7.93 35
5.5 1.50 2.59 S7 7.0 1.50 2.1 1.31 E3
1.75 2 . 3 1.95 d7 1.75 2.3 1.32 E8
2.00 2.5 1.40 E7 2.00 2.5 9.16 E7
2.25 2.7 9.45 E6 2.25 2.6 5.95 37
2.50 2.3 5.80 E6 2.50 2.3 3.51 37
2.75 3.0 3.16 E6 2.75 3.0 1.7S E7
3.00 3 .
2
1.32 So 3.00 3.2 6.30 36
3.25 3.3 J E5 3.3 1.32 36
6.0 1.50 2.1 5.19 37 7.5 1.50 2.1 3.19 33
1.75 2.3 3.84 S7 1.75 > . 3 2.32 E8
2.00 2.5 2.72 37 2.00 2.4 1.60 E8
2.25 2.6 1.80 £7 2.25 2.6 1.03 33
2.50 2.3 1.09 37 2.50 2.8 6.04 37
2.75 3.0 5.72 S6 2.75 3.0 3.03 37
3.00 3.2 2.30 S6 3.00 3.2 1.14 E7
3.25 3.3 4 . 84 35 3.25 3.3 2.16 86
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Table 21. Performance and Total Number of Axle Applications
for Overlay Highway Pavements in Indiana
SK Pt Pa W SN Pt Pa W
2.0 1.50 o«5 1.86 E4* 3.5 1.50 2.7 8.30 E5
1.75 3.6 1.82 E4 1.75 2.8 7.32 S5
2.00 3.6 1.76 E4 2.00 2.9 6.37 E5
2.25 3.7 1.71 E4 2.25 3.1 5.44 E5
2.50 3.7 1.64 S4 2.50 3.2 4.53 E5
2.75 3.9 1.57 E4 2.75 3.3 3.65 E5
3.00 3.8 1.49 E4 3.00 3.5 2.81 E5
3.25 3.9 1.39 E4 3.25 3.6 2.00 E5
3.50 3.9 1.25 E4 3.50 3.7 1.24 35
3.75 4.0 1.06 34 3.75 3.9 3.44 34
2 .
5
1.50 3.2 7.39 E4 4.0 1.50 2.5 2.22 S6
1.75 3.3 7.50 E4 1.75 2.6 1.39 E6
2.00 .'. • 3 7.08 34 2. 00 2.3 1.33 36
2.25 3.4 6.63 E4 2 . 25 2.9 1.29 E6
2.50 3.5 6.15 E4 2.50 3.1 1.02 B6
2.75 3.6 5.62 E4 2.75 3.3 7.75 E5
3.00 3.7 5 . 04 34 3.00 2.4 5.52 35
3.25 3.3 4.33 34 3.25 3.6 3.57 35
3 . 50 3.8 3.59 34 3.50 3.7 1.93 EE
3.75 3.9 2.55 E4 3.75 3.9 6.71 34
3.0 1.50 2.9 2.75 S5 4.5 1.50 2.4 5.43 36
1.75 3.0 2.53 35 1.75 2,6 4.49 E6
2.00 3.1 2.29 E5 2.00 2.7 3.64 36
2 . 25 3.2 2.06 E5 2.25 2.9 2.36 S6
2.50 3.3 1.81 35 2.50 3.0 2.17 E6
2.75 3.4 1.56 E5 2.75 3.2 1.56 E6
5.00 3.6 1.30 35 3.00 3.4 1.05 E6
3.25 3.7 1.03 35 3.25 3.5 6.25 35
3.50 3.8 7.37 34 3.50 3.7 3.02 S5
3.75 3.9 4.18 E4 3.75 3.3 8.71 34
* 1.36 34 = 1.86 x 104
Note: An overlay pavement is a bituminous - resurfaced
rigid pavement.
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Table 21 (cont'd.) (Overlay)
SN Pt Pa
> , - ,
W SN Pt Pa W
5.0 1.50 1.23 E7 6.5 1.50 2.3 9.89 E7
1.75 2.5 9.93 S6 1.75 2.4 7.75 E7
2.00 2.7 7.84 26 2.00 2.6 5.90 E7
2.25 2.3 6.00 26 2.25 2.8 4.33 27
2.50 3.0 4.41 E6 2.50 3.0 3.03 S7
2.75 3.2 3.06 S6 2.75 3.1 1.98 27
3.00 3.3 1.96 E6 3.00 3.3 1.18 E7
3.25 3.5 1.10 E6 3.25 3.5 u.07 26
3.50 3.7 4.90 E5 3.50 3.7 2.37 E6
3.75 3.8 1.23 E5 T. rye 5.8 4.76 E5
5.5 1.50 2.3 2.59 E7 7.0 1.50 g ,Q 1.81 E8
1.75 2.5 2.07 E7 1.75 2 .
4
1.41 E8
2.00 2.6 1.61 E7 2.00 2.6 1.07 28
2.25 2.3 1.21 E7 2.25 : : .3 7.73 E7
2.50 3.0 8.66 E6 2.50 3.0 5.40 E7
2.75 3.2 5.86 E6 2.75 3.1 3.51 27
3.00 3.3 3 . o 3 26 3.00 3.3 2.07 E7
3.25 3.5 1 . 96 E6 3.25 3.5 1.05 S7
3.50 3.7 8.20 E5 3 . 50 3.7 4.01 E6
3.75 3.3 1.85 Eb 3.75 3.8 7.78 E5
6.0 1.50 2.3 5.19 E7 7.5 1.50 2.2 3.19 E8
1.75 2.4 4 .07 E7 1.75 •r .4 2.43 S8
2.00 2.6 3.14 37 2 . 00 2 .
6
1.87 E8
. .25 2.3 2.33 E7 ' . 25 P.
8
1.36 S8
2.50 3.0 1.65 27 - .50 2.9 9.36 27
2.75 3.1 1.09 E7 2.75 3.1 6.04 E7
3.00 3.3 6.62 E6 3.00 3.3 3.54 27
3.25 3.5 3.47 E6 3.25 3.5 1.77 E7
3.50 3.7 1.39 E6 3.50 3.7 6.69 26
3.75 3.8 2.93 25 3.75 3.8 1.27 26
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each design Is determined from either Figure 8, 9, or 10.
These nomographs implicitly convert the initial ADT to an
average ADT for the life of the pavement. An annual growth
rate for the traffic of 4 , 6, or 8 percent is assumed by
choosing the appropriate figure. A line la drawn on the
chosen nomograph from W to W/day, and then the expected life
in years, Y, is read from the middle scale.
The formula that was used in preparing these figures is:
ADTi + ADTt ADTi + {1 .0 + r) Y APT!




ADTa = the average ADT over the service life of the
pavement, in one direction,
ADTi = the initial ADT at the time the pavement is
opened to traffic after being constructed or being
re s urfa ced , ' n one d '. re - 1 '. Dn ,
ADTt = the terminal ADT at the end of the design period,
Y - the expected life of the pavement in years, and
r = the annual growth rate of traffic assumed.
If a traffic growth rate other than 4, 6, or 8 percent is
probable, then the equation:
Y (1.0 + (1.0 + r) Y ) = ^-ig -
3o5.C (W/day)
may be solved for Y by a trial-and-errcr procedure.
The average annual cost associated v<ith each design
is determined from 6 it her past records or estimating proce-
dures currently in use. The desired degree of refinement
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materials and labor construction costs, maintenance,
interest, engineering, and road user costs, depreciation,
and salvage. The data comprising the average annual cost
are usable in any consistent unit, such as dollars per
mile, dollars per square yard, etc., as long as the same
unit is used for all costs.
The average annual cost, Cyr, of the pavement is the
sum of the average annual highway maintenance cost, M,
and the average annual pavement capital cost, Cr:
Cyr = Cr + M.
The average annual maintenance cost, M, Is calculated by
adding together the maintenance cost, Mi, for each year, i;
and then dividing by the expected life, Yj
M = (L Mi) / Y.
1 = 1
If neither an interest rate nor a salvage value is included
in the analysis, the average annual annual capital cost, Cr,
for each design is computed by dividing the construction cost,
C, by the expected life, Y, i.e.
Cr = C/Y .
If an interest rate and a salvage value are imputed, one of
the annual capital cost formulas which include depreciation
of the investment and an interest charge on the investment
is used. Three of the preferred formulas of this type are
the "straight-line", "sinking fund", and "capital recovery
with return interest". The latter is as follows j
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Gr = (G- y3 )
I (1.0 + I) 1
(1.0 + I)Y - l.o I)(Vs)
where j
Cr = the average annual capital cost of the pavement,
G = the total construction cost of the pavement,
Va = the salvage value of the pavement at the end of
Y years,
I = the applicable interest rate, and
Y = the number of years before a terminal service-
ability of Pt is reached.
This methoa for comparision of designs requires that the
economic data be in the form of an average annual cost,
because the performance data is in terms of the average
serviceability of the pavement.
When the average annual cost is computed for a stage
construction design or for a reconstruction design, resur-
facing costs are treated as capital costs.
Actually, the distinction between conventional and
stage construction is an economic fiction. An existing high-
way pavement is seldom entirely abandoned or removed. It is
generally resurfaced repeatedly and kept in service, at
least as a local access road. The difference is that, with
stage construction design the economic design life used
in the calculalon of the costs includes more than one stage
of this recurring process.
The performance, Pa, as a function of the pavement type
and effective thickness of each design for each level of
terminal serviceability under consideration is found in
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either Table 19, 20, or 21. In the case of stage construc-
tion the performance is obtained for each stage from the
appropriate table. The weighted average performance, Pa, is
computed by multiplying the performance, Paj, for each stage,
j, by the total number of equivalent 18-kip single axle appli-
cations, WJ, passing over that stage; summing the products;
and then dividing by the grand total number of equivalent
axle applications, W, that have traveled over all the stages.
The formula notation isj
J
Pa =




Alternatively, the weighted average performance can be
approximated by weight In," the performance of each stage by
the number of years, Yj, that each stage, j, is subjected
to traffic rather than by Wj.
The coraparision of the designs is made after both Pa
and Cyr have been computed for all combinations of pavement
design and terminal serviceability level to be included in
the analysis. The performance to annual cost ratio, Pa/Cyr,
is computed for the design with the lowest average annual
cost. This design is designated the "standard" design.
The incremental perf ormance to annual cost ratio, P'/G '>
is computed for each design, k, from the formula;






F'/^' = the incremental performance -to-average -annual-
cost ratio,
Pa^ and Pa are the performance of design k, and the
performance of the standard, respectively, and
Cyr^ and Cyr are the average annual cost of design k,
and the average annual cost of the standard.
Whenever the quantity (Pa^ - Pa ) is less than 0.2, the
difference in performance is negligible, and design k can be
compared to the standard on the basis of cost alone.
For each design having a significant difference in per-
formance from the standard, the P'/C is compared to the
Pa/Cyr ratio of the standard. By this method, the design
chosen is the one having the highest F'/C, if this ratio is
greater than the Pa/Cyr of the standard. Otharv.'iss, the
standard is chosen. The pavement design selected in this
manner should display the greatest average serviceability,
or performance, for the least cost, of all the designs
considered for the given highway location.
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SUMMARY OF RESULTS AND CONCLUSIONS
The following results and conclusions are drawn from
this study of highway pavement performance and economics:
1. The Carey and Irick "Pavement Serviceability-
Performance Concept" is workable in application.
The AASHC Performance Equations (F-equations) were
modified in this study for more precise prediction of the
present serviceability of rigid, flexible, and overlay
Indiana State highways. The modifications proposed reflect
primarily the difference in initial serviceability values
between Indiana highway pavements and AASHO Road Test
pavements
.
2. The rigid, flexible, and overlay serviceability





= A + B (W / eiQ) 1£
Pj d = the predicted present serviceability of a
pa v anient
,
A - the average initial present serviceability for
the pavement type: 4.0 for rigid, 5.5 for flexible,
and 4.0 for overlay,
B = (A - 1.5) = 2.5, 2.0, and 2.5 for rigid, flexible,
and overlay pavements, respectively,
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W = the number of equivalent 18-kip single axle
applications, and
018 and ^18 = the values of the AA3H0 equations for
Rho and Beta for an 18-kip single axle and for the
effective thickness of the pavement.
3. The Indiana serviceability equations may be applied
to the mixed-traffic highway situation by the use of equiv-
alence factors, weighted equivalance factors, or equivalence
coefficients developed in this study.
4. The results suggest that, for practical purposes,
equivalence factors for various axle loads on a given
pavement type are primarily functions of axle load and
type (single or tandem) only, and that the influence of the
terminal serviceability and the effective thickness of the
pavement can be eliminated.
5. A weighted equivalence factor, which Is the
average equivalence factor of an entire traffic stream,
is presented. This quantity can be approximated from the
percentage of trucks on a highway.
6. An equivalence coefficient, which is an estimate
of the weighted equivalence factor for a highway, was
developed in this study. Six equivalence coefficients were
determined: 0.22, 0.10, and 0.03 for rigid pavements, and
0.1b, 0.07, and 0.01 for flexible and overlay pavements, of
Glass I, II, and III, respectively. The class of a highway
refers to its use or non-use as a route for heavy truck
transport. The truck-route class of a highway is determined
from the following analysis:
127
Class I Includes all Interstate routes and U .3. -numbered
routes connecting major population centers.
Class II consists of all other primary state highways.
Class III contains all secondary state highways.
7. The validity of the AASHO soil support scale is
unn roved. The correlation of this scale with highway pave-
ment performance and with strength tests throughout the
range of the scale needs to be undertaken.
8. The soil parent material area concept offers a
means of approximating the relative strength of a highway
subgrade. A panel of experts was asked to rate the major
Indiana soil types. A correlation was obtained between the
mean rating of a soil type and the expected soil support for
pavement a built on each soil.
The suggested design-comparison technique developed
In +,his study is based on a performance-to-cost ratio. The
method considers terajinal as well as average serviceability,
nd coat throughout the design life of the pavement.
10. The concept of average serviceability of a
pavement was developed daring the course of this study.
This quantity, especially in conjunction with the terminal
level of serviceability of the pavement and the length
oT the design life, provides a measure of the entire service-
ability trend, or performance, of the highway pavement
throughout its life. The equation for average serviceability
is
:





Pa » the performance or average serviceability of a
given section of pavement during its service life,
Ft = the terminal level of serviceability,
A = the value of the appropriate Indiana' serviceability
equation when W equals zero. A equals 4.0, 3.5, and 4.0
for rigid, flexible, and overlay pavements, respectively,
and
"16 = the value of the AASHO equation for Beta for an 18-kip




RECOMMENDATIONS t OR FURTHER RESEARCH
The "Pavement Serviceability-Performance Concept" and
the work done at the AASEC Road Test have added much to the
understanding of pavement design. This study has verified
the applicability of the AASHO Interim Guides for Design in
Indiana and has developed a workable method of design based
on a new measure of performance. However, before this
approach to design can be considered wholly definitive,
several additional steps are needed.
Seasonal weighting factors and regional factors need
to be determined for Indiana as well as for all parts of the
country. These factors should be based on several years of
deflection measurements on typical flexible pavements through-
out the state.
The modification for soil support is the weakest link in
the AASHO Performance Equations. A procedure must be found
that is both reliable and practical for determining the effect
of a given subgrade on the performance of a highway pavement.
The topic of soil strength variability under a several-mile
stretch of pavement and its influence on performance remains
to be investigated. An economic-planned-failure approach
might prove fruitful in determining which soil strength value
should be used in design: the worst, the average, or the best
130
of those determined from sampling the soil at the site.
All available loadoraeter data for this state has been
collected in the late summer. The question of seasonal
variation in vehicle axle weights should be investigated to
determine whether weighted equivalence factors vary with the
seasons of the year. If the variation is significant, this
data should be combined with future studies of seasonal
weighting factors.
The level of performance that a road user desires and
is willing to pay for should be further investigated. This
question can be attacked from several aspects including toll-
roads, tax referenda, and public opinion surveys. The chang-
ing condition of the pavement as it effects both road user
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APPENDIX A
GRAPHS OP *lb AFD #18
FOR RiC-xi; Ai-D FLEXIBLE PA"VEiv.ENT3
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APPENDIX M
GRaFfio 01 Pl8 AND ^18 FOR RIGID AND rL^xl 1^ PAVEMENTS
The following four graphs show Rho and Beta &s
functions -'- effective thickness for an 18-kip equivalent
axle load. These figures can be used to 3olve either the
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Hi 1 !] jJIX £
II STRUCTTON.S TO THB
3CIL ?.H ri'Ii!G PANEL
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APPENDIX b
INSTRUCTIONS TO THE SOIL RATING PA S3
SUBJECT; Perf orm&r ce of
Flexible Pavements
Dear Sir:
As e part of my theses I am trying to determine the effect cf
general soil types and environmental factors on the perfor-
mance of flexible I f pavements in Indiana. I would
like to do this, In part, by means of subjective ratings by
a psr.el of experts.
- cf each unit Ls tc be your estimate of the per-
formance of a typical hi built In that unit, bas«
your knowledge of the soil type, environmental factors, and
Indiana otate Ighway Commission construct- u • c t : : ,
as rej lacin an • i a ' ! 1] with s°le"t materia] .
It " c - hoped thai tot vary apprecial 1; wltl in s
nit, so that a . will be representative of
the unit. Even if thi: i 1 case, v'v e single ratin
for the unit; however, also indicate the ran ;e
.
These ratin ;s will i : correlated wit) data whicl ls expr<
tc the nearest tenth; therefore, please express your ra"'.











1.0 m Very Poor
E>
,
ected i me n t I e rf c rmance
Please record your rating on the attached fern,, and return it





DERIVATION OF THE PERFORMANCE EQUATION
In general terr.;£ the derivation of the equation for
.
t' performance in terms of serviceability Is as
: v. 3 .













J I .. = .
i¥t
Sve lite tin ~ s
Ps= -






Pa' = (^1: + 1)
Rearranging*










Ft + A (£l8)
,tfl?
(^18)
Pt + A (^lb )
(^18 + 1)
ml e re j
Pa = the performance or average serviceability of
a given section of paver ent during its service lj I
P-twi - the predicted serviceability as a function c.
and pavement design,
W = the cumulative number of equivalent 18-kip single
axle load applications,
m = = the initial value of »,
'»•« t the value of ft v.hen P Ind equals Ft,
Pt = the terminal level cf serviceability,
k = the value of the appropriate Indiana serviceability
equation when W equals w'i , and
^1 = the exponent of the appropriate Indiana service-
ability equation as a function of the effective thick-
ness of the given pavement.
APPr^DIX D
TIE RELATIONSHIP BETWEEN
SFFECTIVE THICKNESS AND PERFORMANCE
142
APPENDIX D
THE RELATIONSHIP BETWEEN EFFECTIVE THICKNESS AND PERFORMANCE
It may seem unusual that the performance of a pavement
decreases as the effective thickness increases. The neces-
sity of these results is shown in the following manner.
Assume that the effective thickness of design 1 is
greater than the effective thickness of design 2. Then,
from the formula for ^18, is less than ^18-, is less thai,
/3,
? * The term (A - Ft) is positive, because the initial
serviceability, A, is greater than the terminal service-
ability, Pt ; so,
(A - ft)(^3 18 1 ;
00(^1^) - (Pt)(^18i
(ii)(^18 1 ) + (Pt)(*18g
(A) (^18!) + (Ft) (^182
+ Pt + (A) i^lQj) (*18 2
(Pt + (Aj^lSx)
x (
/31B 2 + 1 '°
< (A - PtJC^lSg)
< (A)(^182 ) - (Pt)(^182 )
< (A) (^18p) + (Pt)^8 n )e J.
U)(^18 ? ) + (ptH^i:-^)<
+ Pt + (A)(^181 )C*L82 )
< (Pt
+ (A) (^18g)) x
(^18! + 1.0)
Pt + (AH^l&x) Ft + (A)(^18g)
/'1&







for the same terminal serviceability, Pt. Although the
performance increases with a decrease in effective thickness,
in most cases this effect is slight enough not to warrant






The following work sheet, Figure 15, can be used to
record the data necessary to determine the pavement design
having the highest performance for the least cost. This
technique is explained in the section entitled "A Method for
Compari8ion of Alternate Pavement L«3lgns."
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2. Truck Route Class (Class I, II, or III)
3. rt/day (Figure 4)
a. For Rigid Designs
b. For Flexible and Overlay Designs
B. Ft
1. Type of Highway ( Prims ry, Secondary)
'<
. Lowest Acceptable Pt (Table 16)
3. Other Pt ' s to be considered
Effective Thickness
1. For Rigid Designs Thickness
Design Rl
Design R2 j_ _
(etc.)
2. For Flexible and Overlay Designs
Al (lable 17 ) Di (Al) (Dl) (Fig. 5)
Design Fl:
Al Dl a. (AD(Dl)
A2 D2 b. (A2)(D2)
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(I.C2.) Al (Table 17) Di (Ai) (Dl) (Fig. 5]
A3 D3 c. (A3)(D3)
Design PI SN = a . + b . + c . =
Design F2j
Al Dl a. (A1)(D1)
A2 D2 b. (A2)(D2)
A3 D3 c. (A3)(D3)
Design F2 SN=a. + b. + c . =
(etc .)
Soil Support Modification
(For Flexible and Overlay Designs Only)
a. kajor Soil Unit (Figure C)
b. Soil Support Factor (Table 18)
c. SNraod (Figure 7)















A. Determination of Cost / Year, Cyr
(Do once for each Design for each Pt in (I.B.))
1. W (Table 19, 20, or 21)
2. W/day (I. A. 3. a.) or (I.A.3.b.)
3. Y (Figure S, 9, or 10)
4. Capital Cost /Year, Cr (I.D.I.) / (3.)
or from desired annual capital
cost formula
t. Maintenance Cost /Year, 1.1 (I.D.2.)
c. Average Cost / Year, Cyr (4.) + (5.)
B. Determination of Performance, Pa
(Do once for each Design)
1. Ft (I.B. 2.) and (I.B. 3.) 2. Pa
(Table 19, 20, or 21)
Performance / Cost Ratios
1. Standard Performance and Cost, Pa Q/Cyr
(To be computed only for Design with lowest Cyr)
a. Pa 6 (6.2. ) _____„__
b. Cyr (A. 6.)
.




2. Incremental Performance / Cost Ratios
a. Fa k - Pa
(B.2.) - (C.l.a.)
Design Rl:
b. Cyrk - Cyr








1. Test for Significance:






2. For each Design for which (D.l.) is "Yes",
record P'/C " (C2.c.) .
For the Standard Design, record
Pa/Cyr - Pa /Gyr (C'.l-c).




(II. D. 2) Design Flj
Design F2:
(etc. J
Choose the Design with the highest value
recorded in (D.2. )
.
Choice Design No.


